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SUMMARY

I. Title
Environmental Change Studies based on the Arctic Dasan Station: in terms of

Geology, Atmospheric Science, and Ecology

II. Purpose and Necessity of R&D

O Understanding of changes in atmosphere, pedosphere, and biosphere along a
glacial chronosequence and microtopography in the forefield of Midtre
Lovénbreen

O Paleoenvironmental interpretations, and geological, mineralogical, and
geochemical researches of Spitsbergen

III. Contents and Extent of R&D

O Changes in soil organic carbon (SOC), vegetation, and microbial community
along a glacial chronosequence and microtopography in the forefield of Midtre
Lovénbreen

O To understand the characteristics of atmospheric compositions
O Paleoenvironmental research of Spitsbergen

O To understand evolution of subcontinental lithospheric mantle and
characterization of geology and mineralogy of Spitsbergen

IV. R&D Results

O Map soil organic carbon of glacier retreat.

O Environmental factors not only glacier retreat period, soil pH or surface
temperature but also bacterial community play a big role in soil of glacier
retreat region.

O One of the physiological characteristic of microbial community shows that
rRNA operon copy number diminished with time of glacier retreat period.

O Provide a geographic map of the Barentsburg/Beerenberg/the Bear Island

V. Application Plans of R&D Results

O Understanding impacts of glacier retreat on terrestrial ecosystems in high Arctic
under climate change and reporting the data to Terrestrial Flagship in NySMAC
O Reporting the monitoring activities to SAON(Sustaining Arctic Observing

Networks) that was initiated by the Arctic Council and International Arctic
Science Committee
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(1) Wat 2% #d A7

o 2008 AlFH CryoClimol| A ~wdtet2 W&o Al7|¥E Yo]E Ho]F= Glacier Area
Outline (GAO)¥ WalE Wal 45, T3 E+&, "dA W= FEste HoAFE=

Glacier Surface Type (GST) A=+

¥ CryoClimeE =290 5 A8 (Norwegian Space Centre, NSC)oll A A Q3= 9
$3=+ (European Space Agency, ESA) PRODEX ZRZAER S35 on w29go]=
A A4 (Norwegian Polar Institute, NPI), =29 o] AFE AE(NR), =29 °] 714 <
T2 (Norwegian Meteorological Institute, MET Norway), =2¢o] x4 % oA

o] A}3] (Norwegian Water Resources and Energy Directorate, NVE)Z -4

45 Norwegian Polar Data
Dataset GiEdd  Jy Actkons = § Nngate =

REEYS Glacier Area Outlines - Svalbard

G Croated: 7013003-06
C Updated: 2014-13-11 CHAGON - i deing to e riedb
o Statuss Completa
O Draft: Mo
M. Kanly, X Kohler, C. Mith, [Z013). €

People hittps: /fdata spolar.nafdalacet 89

Dala e cmier ECHE PN

& Ol Dataswel 01 - 10 | shapelile archine}
L Cvugirad (hatiast [0 [Pugiefile e hioe]

& Ovigirud [Babisel 15505 723 [Sbugeliles acbime

¥ 1. 232 )3ske] Al7|E YolE BEoS= Glacier
Area Outline

& AT ol ool W B v AEe] A

o WIIFEA 7| W& WAE F g, AEE, ST wHete #ES A FE
olF W mAE FEo F FddEH FAARA #I} A= FEF AAS
(Hamilton et al., 2013). # 292~ 4=~ Damma Wl 2EA G EY v E9
FAA = gk A7 o] Fo R, EF Ao AS di7IERY duEs oFRFdd
Hop Qa7 AW, Wek WR/EHd 2 fRFddel g dEFe] F5 el qF A

(Rime et al., 2016)
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o A€ snowpack 3}l EASE HAE Ao #I AFE AYF o|FolH AT
(Larose et al., 2013), W3l AHEXAY EF nAE HolyAo] A% WHFo &3k A
= A9 HgE v gl

o & AT AlOlESF TUE Aol HA ZEA AR o wAdE o] A7t o
Folzl v glot, Wk AEAY HAAZE dide] ofd diHE B3 AEHeRE ES
Adade tdoz o]Fofxla olF $&HAFE Had vl §gls (Schutte et al., 2009,

(3) ol &AdEAy A4 AT

A Ao A sl &d A7), \Al A

= (Moreau et al., 2005)

SAATLRANA A A B S ZIvte R 3 2hutE fxd A

% A ZH http://svalbardkartet.npolar.no/en/Viewer.html?Viewer=Svalbardkartet)

(4) sl AP o)itste s Fs AT

o 299 Fokekx o] A slal 9 Damma HdF A2EAG(1500)A A E 3
fof gk A 200795 E 7] B AT AEHA 2EES AAstE 815

3 s s

=
g olsle 9a 'S, FE, Aste}, 53 o thehAl
(

0 Damma W3} AEA A ®Hel AE A7[7F g2 A AHo=E
&, EF CO29 7149, DOC &4 =AE 8 7] EF 84
A (Guelland et al., 2013)

o ofolEHE, LTl 2o, a-TEA Wil AEAFAAN DU EY 5 S
A (Jones et al, 2000; Nakatsubo et al., 1998; Welker et al., 2000; Wookey et al.,
2002)

(5) zwike £ A4 AT

Prince Karl

o x24o] FAAFAE HE Hormnsund A S-S dldoz = gy dF2A 5849
4, FHUEe Ao AHHE 2T oldE g AT dor AduiE WAt

ZAbE wmEde] FAATAY AW



il

o= =29 o] FAATA A% Dierk BlomeireZ} 20000t =3 ylo] & n| & 2 A}
& skul 9l &

H o

e
Akl om (Blomeire et al, 2009) 549 dA7HE H< &
gt UNISE 7|Wko & tho] StAEo] A ui} 22 AES F83 e

_17_



H 3 & dgdsd e 2 Z

H

A 1A PEER A7 L APl BE £ §7)
n] g Ze] Wt o}

L Td=agst $HAS A4, F71da, n8E A (201449 A

3 414,

14

< 3} 3 2 3= (stratified sampling)—o— ]%— 3}l Moreau HHAFZF 2003l A== 3 300 A A
A8 2AE Y 1170 A-S s

2 a1 20043 -20143 Alolo] |
A g2 ARS8 W oMl

3 & 1297] A HolA Global Navigation Satellite System (GNSS)S o] &3}o], A&t 3
S AAg &= g2 AAE ZASATH (T 1-3, 17 1-6). A& A= Ixl m WFT
ol 10 cm HA o2 =5 dZdste] 100748 AxE W=, 1 5 6719 AAE do= AH
sto], 6709 AaL el A8t AEs £ } ATHI"E1-4). 13] =AF & 1 x 1 m B3I
LEZE oY, fFow = FUT WRHOE F 43] AE FAE SoH HA 2x2 m W
Aol A 24x100 cm® WA & ZASFATH(LH 1—5).

A& A A WS E A oA F 31 T #EAEH AYRF, o|7F sol BEFS ¢ F
ANoH FQ HETOE X —?DAH(Sa)aﬁaga oppositiblia), =3 WE(Salix polaris), 5=
AU S W& (Cerastium arcticum), <=/WV A2 (Sagina nivalis), Draba oxycarpa, Minuartia

rubella, X\ ¥ 18] (Bistorta vivipara) 5°] JJHE 1-2, 19 1-1).

2% AEge % 500 AdelA 24 AA% 34 WMEE®RL R2, RIZ F 1627 THo]
(hole)el q E¢ A2 4Z42 SAtHd 1-6). H25 Zow RIS 7P 242 98], &
Fe AEITE F, mAE olgste] FHole] ¥uE 248N, R2% R3NAE Wy 24
1 P D
F& 4719 2 o]-D1(0-5 cm), D2(5-10 cm), D3(10-20 cm), D4(20-30 cm)-°lA] Al2E A
shglom % 6007) £ ARE Susdch 1 F AP Bolsh £U AF F(iresh wegith,
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(B) Salix polaris

(A) Saxifraga oppositifalia

o

(A) A=+ <]+, (B)
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3 1-10 71 300 2AF AR 920149 E AE B B A A AR
No. ID SOC Veg  X_coor. Y_coor. Wind Form Age DEM Aspect  Slope  Length Curv. Runoff
1 78.90604  12.07136 255 0 1920 13.08 6.12 9.10 - -38.13 no
2 78.90592  12.07372 255 1 1920  13.88 117.49 21.74 0.71 -123.39 act
3 O 7890576  12.065 face 0 1928 2824 233.86 19.83 3.54 -22.55 no
4 78.90576  12.06994 255 0 1929 23.64 304.68 27.63 3.21 -20.86 no
5 O 7890574  12.07926 face 0 1921 13.37 261.88 11.35 1.71 4.00 no
6 6 (6] O 7890566  12.07658 255 0 1926 23.08 65.44 27.87 - 66.14 no
7 78.90565  12.07892 255 0 1927 19.26 48.44 40.83 6.86 49.78 no
8 O 7890549  12.07206 face 0 1937 22.62 123.08 6.67 - 15.17 no
9 7890553  12.08202 255 0 1923 1222 11.00 16.28 1.21 -31.89 no
10 10 (¢] O 7890509  12.04373 255 0 1931 29.07 77.38 12.98 0.50 -101.49 no
11 7890546  12.08344 face 0 1922 1244 6.62 11.98 171 3.93 no
12 O 7890538  12.0788 face 0 1936  19.93 85.27 22.73 1.00 -125.78 no
13 O 7890529  12.07537 face 0 1937 22.39 256.06 20.96 2.50 -3.27 no
14 78.90524  12.07352 255 0 1938 15.02 103.55 12.20 - 38.39 no
15 789049  12.05094 face 3 1936 28.37 63.86 19.51 0.71 -57.54 inact
16 O 7890506  12.06471 face 0 1936 23.65 210.86 4.88 - 18.65 no
17 78.90468  12.03098 255 0 1925  36.62 349.60 36.40 0.50 -74.39 no
18 78.90471  12.03908 face 0 1939 2747 234.99 2.64 - 154.22 no
19 78.90498  12.07294 abris 0 1940  17.38 14.39 17.87 2.62 28.66 no
20 20 (¢] O 78905 12.07918 face 0 1937 20.55 8.84 7.74 0.71 4.61 no
21 O 7890479  12.06078 255 0 1931 2548 325.52 17.32 3.54 216 no
22 O 7890454  12.03819 abris 0 1939 28.09 137.47 9.05 2.83 -34.26 no
23 78.90489  12.07632 face 0 1939 18.89 261.40 7.87 0.50 5.34 no
24 78.90454  12.04611 face 1 1939 2553 353.66 6.36 0.50 4.82 act
25 25A O O 7890474  12.07076 face 0 1941 20.16 231.81 7.94 0.71 16.78 no
26 78.90462  12.06399 face 0 1937 2225 337.42 9.52 0.50 -20.94 no
27 O 7890438  12.04108 face 0 1942 28.01 8247 13.87 3.12 -69.68 no
28 78.90474  12.08307 255 0 1936 2648 217.08 32.39 0.71 -4.47 no
29 O 7890442  12.05258 face 0 1941 27.90 162.06 13.47 - 75.88 no
30 7890448  12.06775 face 0 1942 2040 27.58 1.98 - 6.25 no
31 7890415  12.03783 face 0 1941 30.72 14.63 5.55 0.71 10.20 no
32 7890401  12.02687 abris 0 1922 32.65 294.81 12.46 19.02 -51.20 no
33 78.90455  12.08442 face 0 1932 23.39 141.52 278 171 0.87 no
34 7890423  12.05468 face 3 1938 24.32 52.25 13.44 7.24 7.82 inact
35 78.90404  12.04112 face 0 1944 2793 80.53 824 3.21 -16.13 no
36 O 7890395  12.03695 face 0 1942 3442 40.62 6.51 0.71 -63.21 no
37 37A O O 7890391  12.03705 face 0 1942 34.06 330.62 11.96 2.83 -5.64 no
38 O 7890427  12.07242 face 1 1945  19.62 291.29 6.71 1.50 -11.99 act
39 78.90382  12.03456 255 0 1941 36.40 320.33 22.20 0.71 -31.50 no
40 78.90392  12.0487 face 0 1946  28.87 316.59 20.83 1.41 10.41 no
41 O 7890406  12.06647 abris 1 1944 2041 24.64 819 - -4.21 act
42 78.90384  12.04826 face 0 1946 2721 230.04 7.95 121 -6.36 no
43 O 789041 12.07624 face 0 1944 1946 69.37 1.93 - 101.44 no
44 78.90416  12.08657 face 2 1927 16.35 10.99 8.95 0.50 4.68 inter
45 78.90355  12.03081 abris 0 1938 36.20 359.32 4.28 7.45 -8.35 no
46 O 7890358  12.03761 255 0 1945  38.84 62.06 9.67 - 5.38 no
47 47A O O 7890395  12.07814 abris 0 1944 20.72 159.87 10.54 0.50 -35.84 no
48 78.90371  12.0564 face 1 1948 2594 86.52 0.75 - -6.63 act
49 78.90351  12.03949 face 0 1947 30.78 223.14 15.09 2.83 -39.89 no
50 78.90336  12.02853 face 2 1931 4235 166.31 17.90 1.71 -36.21 inter
51 O 7890399  12.09463 face 0 1920 1556 115.63 13.46 0.71 5.76 no
52 7890376  12.07437 abris 1 1948 1844 320.64 4.01 - 1.44 act
53 78.90357  12.05923 255 0 1948 29.26 225.56 14.43 3.12 -31.31 no
54 O 7890308  12.01957 255 0 0 4447 337.13 27.82 2.83 10.58 no
55 7890386  12.09401 255 0 1921 19.07 85.10 15.70 - 69.95 no
56 7890336  12.04792 abris 3 1951 27.89 345.59 419 0.50 6.61 inact
57 O 789037 12.08501 255 0 1935  22.09 326.60 20.51 4.24 -3.22 no
58 7890315  12.03185 abris 0 1941 38.07 73.24 6.23 291 -3.23 no
59 78.90345  12.06504 abris 2 1949 21.95 26.75 591 - 19.37 inter
60 60 (¢] O 7890337  12.06189 face 0 1950  27.71 58.84 11.63 - 40.83 no
61 78.90343  12.07008 abris 3 1950  19.56 20.45 7.63 - 26.42 inact
62 62 (¢] O 7890344  12.07343 abris 3 1949 19.68 45.73 3.92 0.71 10.34 inact
63 O 7890306  12.03802 abris 0 1948  33.92 52.49 6.49 - 55.32 no
64 78.90338  12.07391 abris 3 1949 20.00 124.97 146 0.50 -5.84 inact
65 78.90347  12.08591 face 0 1935  21.00 4193 141 - 713 no
66 66 (¢] O 7890282  12.02644 255 0 1930  49.26 186.12 14.15 6.33 -34.67 no
67 78.90281  12.02644 255 0 1931 48.90 268.47 5.64 3.21 -13.19 no
68 78.90291  12.03853 abris 0 1950  32.36 340.86 10.16 2.21 -1.10 no
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No. ID SOC Veg X_coor. Y_coor. Wind Form Age DEM Aspect  Slope Length Curv. Runoff
69 O 7890313  12.06317 abris 0 1952 2529 355.55 28.63 1.00 -33.70 no
70 O 7890288  12.04348 face 0 1954 30.19 79.76 27.33 1.00 -173.45 no
71 71 (¢] O 7890329  12.08726 face 0 1934 20.90 276.27 2.87 9.24 -4.48 no
72 78.90293  12.05353 abris 2 1955 26.85 260.48 2.08 - 15.22 inter
73 78.90273  12.03709 face 0 1949 36.93 11.98 12.35 - 90.26 no
74 78.90295  12.06284 abris 1 1953 27.39 211.15 531 0.71 -8.84 act
75 78.90278  12.04984 abris 3 1957 28.01 326.58 231 - 11.03 inact
76 78.90308  12.08229 abris 0 1943 21.10 256.07 5.43 - 19.96 no
77 7890312  12.0888 face 1 1933 17.61 306.24 123 - 13.03 act
78 O 7890293  12.07412 abris 0 1952 20.77 223.62 3.62 - 4.63 no
79 7890255  12.03835 abris 0 1953 31.81 14.19 6.84 0.71 -19.93 no
80 7890276  12.06261 abris 0 1955  27.35 153.76 493 0.50 -24.90 no
81 81 (¢] O 7890248  12.03687 abris 0 1952 34.09 30.00 9.49 - 99.65 no
82 78.90248  12.04134 face 0 1956 30.76 23.61 457 - -12.20 no
83 7890272 12.06691 abris 0 1955  23.90 58.26 391 - 28.19 no
84 84 (¢] O 7890267  12.06599 abris 0 1955  24.46 82.40 851 171 -42.22 no
85 78.90281  12.08236 abris 3 1945  21.27 229.70 158 - -16.18 inact
86 O 789027 12.07409 abris 0 1953 21.07 262.11 2.65 221 0.66 no
87 78.90254  12.06351 abris 0 1957 2731 24.48 11.52 0.71 29.07 no
88 O 789028 12.09242 abris 0 1931 24.20 168.28 21.64 3.00 -40.25 no
89 78.90287  12.10145 face 0 1921 19.03 2.86 6.15 - 23.79 no
90 78.90225  12.0415 255 3 1958 3148 196.16 2.65 - 13.72 inact
91 O 7890252  12.07218 abris 0 1955 21.29 25.62 6.75 0.71 4.75 no
92 78.90222  12.0457 abris 1 1960  30.20 147.67 3.82 - 8.47 act
93 93 (¢] O 789022 12.0457 abris 1 1960  30.25 354.98 5.60 0.50 -0.63 act
94 78.9021 12.03837 face 0 1957 33.81 164.57 6.93 - 104.43 no
95 O 7890263  12.09489 face 0 1930  26.60 69.23 1.06 0.50 -2.62 no
96 78.90248  12.08375 abris 0 1946 2216 262.45 727 4.50 -33.34 no
97 78.90216  12.05354 abris 2 1962 2746 189.53 4.74 - 23.37 inter
98 78.90214  12.05541 abris 0 1961 2647 34.33 371 - 69.63 no
99 78.90194  12.03869 abris 0 1958  33.71 10.02 3.81 2.12 -39.41 no

100 78.9023 12.07979 abris 0 1951  22.84 249.40 2.64 - -3.72 no

101 78.9024 12.09411 face 0 1932 2647 168.97 7.89 0.50 -11.29 no

102 102 O O 7890174  12.02943 face 0 1950 = 45.03 157.11 2.62 1.00 -50.29 no

103 103 O O 7890213  12.07116 face 0 1957 24.01 62.51 16.71 16.90 -25.41 no

104 O 7890237  12.0998 255 0 1925  36.13 348.57 498 171 -79.60 no

105 7890162  12.0261 abris 0 1943 49.83 153.16 13.88 18.81 -67.78 no

106 78.90207  12.07463 abris 0 1956  22.29 262.04 5.82 - 16.58 no

107 O 7890184  12.05456 abris 0 1964  27.61 13.42 729 - 15.47 no

108 78.90168  12.04128 abris 3 1963 3253 110.11 2.68 - -0.72 inact

109 7890175  12.05244 abris 0 1966  29.65 1.64 8.78 0.50 25.16 no

110 78.90179  12.05858 abris 0 1963 2743 101.47 3.36 - 19.15 no

111 O 78901%  12.07829 abris 2 1954  23.55 316.87 735 291 -48.33 inter

112 78.90193  12.07867 abris 1 1954  23.59 332.57 272 221 -38.62 act

113 78.90155  12.04289 abris 0 1965  32.32 28.34 0.22 - 15.04 no

114 O 7890179  12.0719 abris 0 1959 29.02 19.58 6.78 1.00 5.47 no

115 78.90208  12.10295 face 0 1922 31.64 74.65 15.23 23.47 -37.87 no

116 O 7890173  12.0709 face 0 1960  34.75 5.56 23.63 3.00 -1.35 no

117 78.90203  12.10353 face 0 1921 30.62 23.98 23.84 - 6.69 no

118 78.90158  12.06096 abris 0 1965  29.52 12.71 293 241 6.69 no

119 78.90172  12.07928 abris 3 1955 24.12 321.06 5.46 212 -7.70 inact

120 120 O O 7890162  12.07279 abris 0 1960  26.83 104.46 6.06 62.15 -11.43 no

121 78.90162  12.075% abris 3 1958  24.33 34.30 6.11 - 12.23 inact

122 7890162  12.07791 abris 3 1956 24.69 38.44 5.61 - 6.38 inact

123 O 7890164  12.08359 abris 1 1951 23.20 1.70 0.92 - 33.75 act

124 124 O O 7890125  12.04763 abris 0 1966  35.92 48.78 10.31 141 8.78 no

125 7890159  12.08454 abris 1 1951  22.86 57.60 5.92 1.21 -9.06 act

126 7890146  12.07451 abris 0 1960  27.58 75.10 11.05 3.41 -64.49 no

127 O 7890156  12.08892 abris 1 1948  23.68 48.42 12.34 1.41 38.97 act

128 7890101  12.03521 face 0 1962  37.93 216.05 5.41 - -27.02 no

129 7890165  12.10334 255 0 1923 31.74 214.58 16.45 3.54 -34.84 no

130 26 (¢] O 7890148  12.0896 abris 3 1948 23.32 63.76 5.70 - 178 inact

131 78.90149  12.09202 abris 3 1942 2757 347.35 10.53 121 -431 inact

132 132 O O 7890128  12.0739 abris 0 1961  32.23 39.10 18.13 - -6.69 no

133 78.9015 12.10077 face 0 1927 3048 233.66 11.85 12.78 -118.84 no

134 7890133  12.0874 abris 2 1949 2254 47.03 5.45 2.62 -32.65 inter

135 O 789012 12.077 abris 0 1959 2611 8.19 2.88 - 37.41 no

136 78.90097  12.05749 abris 0 1969  34.14 11.35 12.38 4.83 -40.97 no

137 7890113  12.07748 abris 0 1959 26.20 327.98 1.30 - 23.25 no

138 138 O O 7890092  12.05927 abris 1 1969  34.05 330.30 4.58 5.91 -23.15 act

139 78.90113  12.08261 abris 1 1955  24.55 1.32 4.15 1.50 -9.18 act
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No. ID SOC Veg X_coor. Y_coor. Wind Form Age DEM Aspect Slope  Length Curv. Runoff
140 O 7890088  12.06087 abris 2 1969  32.92 300.30 3.32 - 11.90 inter
141 141 O O 7890107  12.08206 abris 1 1956  24.89 26.87 4.00 - -12.42 act
142 78.90112  12.08978 face 3 1948 2343 216.41 7.77 - 109.87 inact
143 78.90124  12.10746 255 0 1922 31.60 122.09 17.50 2.83 -84.32 no
144 O 7890059 1204371 255 0 1970 40.10 171.06 28.49 2.21 -26.92 no
145 78.90091  12.07866 face 0 1960  31.59 271.19 0.74 2.21 -31.65 no
146 O 78.9007 12.06026 abris 0 1969  34.87 48.81 5.49 23.14 -46.00 no
147 78.90101  12.09447 abris 0 1939 26.66 25.74 3.94 3.12 -21.75 no
148 78.90061  12.0573 abris 0 1971 36.60 256.56 6.45 7.45 -17.82 no
149 25 (¢] O 7890087  12.08752 face 3 1951 23.90 10.67 4.97 441 -117.99 inact
150 O 7890102 1210481 face 0 1925  33.51 313.00 10.23 0.71 34.25 no
151 78.90078  12.08372 abris 1 1956 25.71 58.59 3.78 0.71 1.22 act
152 78.90068  12.07704 abris 2 1962 29.04 93.41 6.65 0.50 15.12 inter
153 78.90063  12.07584 abris 2 1963  30.28 39.61 7.37 0.71 -7.82 inter
154 78.90034  12.04992 abris 0 1974 37.69 92.98 27.98 4.71 -128.49 no
155 O 7890088 1210783 255 0 1923 29.54 14.28 13.12 1.00 -1.19 no
156 78.90064  12.08609 abris 3 1954  25.06 333.19 3.71 - -1.66 inact
157 157 O O 78.9004 12.065 abris 3 1970  38.67 318.05 5.26 5.04 -1.63 inact
158 78.90012  12.03973 abris 3 1975 37.13 47.80 591 - 115.71 inact
159 O 7889996  12.05198 abris 0 1975 3851 26.09 9.55 0.71 3.74 no
160 O 7890032  12.06605 face 2 1970  38.68 110.30 0.83 - 9.87 inter
161 78.9002 12.05769 abris 0 1974  43.03 63.76 2.06 - 20.52 no
162 78.90046  12.08772 abris 0 1953 2618 26.91 13.43 3.41 7.22 no
163 78.90054  12.09776 abris 0 1935  33.58 291.67 0.53 - 31.35 no
164 O 7890051  12.0987 abris 0 1934 32.78 224.30 1.39 15.69 -40.58 no
165 78.8999 12.03895 abris 3 1974 37.71 53.81 2.45 - 59.44 inact
166 78.90006  12.05913 abris 0 1974 41.78 16.96 8.32 38.26 -36.07 no
167 78.89989  12.04613 abris 2 1978  42.14 14.76 5.70 9.57 -70.16 inter
168 78.9001 12.06955 face 0 1969  37.97 158.15 2.30 2.21 -101.95 no
169 O 7890033  12.09493 abris 3 1944 2713 233.66 7.24 0.71 -45.45 inact
170 170 O O 78.89981  12.04447 abris 0 1979  43.05 276.37 1.14 - 32.04 no
171 78.90034  12.10135 face 0 1932 31.58 136.18 1.10 - -14.10 no
172 O 788991  12.03204 255 0 1950  49.04 272.94 14.64 8.33 -49.59 no
173 78.90026  12.10091 abris 0 1932 31.98 46.89 2.25 - 6.43 no
174 78.89994 1207127 abris 0 1968 35.79 214.25 6.39 1.21 -147.25 no
175 78.89994  12.07472 abris 0 1967  34.67 311.95 14.01 - 23.38 no
176 O 7890005  12.08838 abris 0 1954 3245 97.59 6.56 - 23.73 no
177 30 (¢] O 7890015  12.10066 abris 0 1933 31.98 158.78 3.76 0.50 -4.17 no
178 78.90014  12.10541 face 0 1928 3544 256.34 7.68 221 -7.20 no
179 78.89944  12.03683 face 3 1969  40.54 278.04 3.33 - 47.62 inact
180 O 7889948  12.0548 abris 0 1981  41.30 273.78 2.05 - 13.36 no
181 78.89963  12.07219 abris 0 1971 38.35 28.80 5.27 - 31.56 no
182 182 O O 7889971 1207152 abris 0 1970 36.20 22717 1.67 - 115 no
183 78.89996  12.10089 abris 0 1934  31.96 261.13 7.79 - 86.59 no
184 78.89928  12.03623 face 0 1967  41.74 129.55 6.60 - -11.28 no
185 78.89977  12.08846 abris 0 1956  33.67 235.56 0.96 1.00 -44.91 no
186 78.89988  12.10203 abris 0 1933 31.12 218.83 217 241 -31.23 no
187 78.89921  12.03708 abris 2 1969  40.77 146.04 7.69 - 10.54 inter
188 78.89971  12.0921 abris 2 1951  31.92 46.43 5.42 - 36.29 inter
189 O 7889913 1203617 face 0 1965  42.19 127.62 5.73 3.12 -17.59 no
190 O 7889975 1210411 face 0 1931  31.52 197.44 12.14 - 11.16 no
191 191 O O  78.89934 1206463 abris 0 1978  42.63 342,51 3.54 0.50 -13.62 no
192 78.89961  12.09446 abris 0 1949  32.02 151.05 9.84 291 -16.49 no
193 O 7889925  12.06269 abris 0 1981  43.46 133.17 2.78 - -12.64 no
194 78.89898  12.03845 abris 3 1977  41.53 46.36 8.31 3.62 -74.37 inact
195 78.89902  12.04477 abris 0 1990  40.13 32.98 1.61 0.71 -0.41 no
196 78.8992 12.06708 abris 2 1977 39.89 95.16 13.01 8.16 -156.00 inter
197 78.89926  12.07536 abris 1 1971 3250 42.58 3.63 - 4.01 act
198 78.89928  12.08122 abris 1 1966  32.94 105.58 15.47 774 5.62 act
199 O 7889935  12.09238 abris 0 1952 3298 55.00 5.64 191 -21.53 no
200 78.89918  12.07752 255 2 1970  32.68 347.25 717 1.50 -13.16 inter
201 78.89945  12.10801 255 0 1926  27.37 91.72 5.28 121 -0.43 no
202 78.89921  12.08851 abris 0 1958  35.27 41.81 1.77 - -10.51 no
203 78.89912  12.08303 abris 3 1965  35.06 53.77 8.08 121 -14.60 inact
204 34 (¢] O 7889935 1210832 face 3 1926  26.64 148.19 6.25 3.33 1.79 inact
205 78.89892  12.06976 face 0 1977 39.30 265.26 13.72 5.41 5.65 no
206 O 7889917  12.09765 face 3 1942 31.84 22.30 6.31 - 8.08 inact
207 78.89883  12.06569 abris 0 1983 43.02 46.27 6.25 - 5.76 no
208 78.89894  12.08103 abris 1 1967  32.95 21.81 2.9 - 12.15 act
209 O 78.89883 1207705 abris 2 1973 35.72 178.99 7.62 1.00 0.78 inter
210 78.89914  12.11154 face 3 1922 27.60 18.92 8.58 6.74 -6.09 inact
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No. ID SOC Veg X_coor. Y_coor. Wind Form Age DEM Aspect  Slope  Length Curv. Runoff
211 O 7889888  12.08953 abris 0 1958  36.05 304.54 6.96 - 57.66 no
212 78.89895  12.09836 face 3 1941 3279 47.54 291 7.83 -66.08 inact
213 78.89894  12.1019 abris 0 1934 42.02 47.96 16.70 7.86 -55.95 no
214 O 7889889 1210191 abris 0 1934 4298 91.40 20.93 - 184.81 no
215 78.8987 12.08771 abris 0 191 3571 22.10 12.25 23.76 -24.46 no
216 78.8985 12.07211 abris 0 1977 39.07 30.31 5.96 0.50 -12.83 no
217 78.89887  12.11291 abris 2 1921 2850 270.78 17.85 1.21 7.95 inter
218 78.8984 12.07195 abris 3 1978  40.35 346.10 4.55 3.50 -36.34 inact
219 O 788983  12.07094 abris 0 1980  41.89 79.46 3.79 - 7.02 no
220 78.89839  12.08118 255 1 1971 39.07 250.03 12.30 - 36.24 act
221 78.8986 121072 abris 0 1927 36.77 19.85 24.85 - 41.07 no
222 37 (¢] O 7889841  12.09095 255 0 1957 37.79 55.63 6.94 13.57 -9.29 no
223 78.89848  12.10248 abris 0 1933 42.66 95.06 24.42 3.91 -52.47 no
224 O 7889807  12.06878 abris 0 1986  44.87 170.18 1.94 - -8.08 no
225 38 (¢] O 7889813  12.07724 abris 0 1977  40.05 98.05 8.07 0.50 7.06 no
226 78.898 12.06954 abris 0 1985 4519 55.42 278 221 -16.16 no
227 78.89813  12.08674 abris 0 1965 4276 320.53 6.28 - 79.40 no
228 O 7889825 1210795 abris 0 1926 3746 122.87 9.57 14.11 3.01 no
229 78.89818  12.1048 abris 0 1930  36.70 351.96 19.92 3.62 0.73 no
230 78.89805  12.09458 abris 0 1953  37.94 295.01 4.07 13.49 221 no
231 39 (¢] O 7889794  12.08865 abris 0 1963  42.83 128.59 29.81 0.71 -30.77 no
232 78.898 12.10307 abris 0 1932 36.45 298.88 8.38 121 -7.90 no
233 O 788978 12.08738 abris 0 1966  44.53 57.40 2.62 - -11.22 no
234 78.89765  12.07559 abris 0 1982 44.82 44.10 10.43 2.83 10.89 no
235 78.89758  12.07794 abris 0 1979 44.73 86.00 7.67 5.33 -4.15 no
236 78.89745  12.06828 abris 2 1993 4447 358.18 274 - 9.82 inter
237 40 (¢] O 7889747  12.0769%4 abris 2 1981 4543 85.70 6.76 391 -25.93 inter
238 78.89766  12.09851 abris 2 1945  43.08 4533 152 - -10.38 inter
239 O 7889745  12.08598 face 3 1969  41.97 356.77 5.74 1.00 1.65 inact
240 78.89765 1211127 face 0 1921 3849 124.46 21.70 1.41 -6.88 no
241 78.89759 1211091 255 0 1921 3848 191.50 22.49 3.71 -56.34 no
242 78.8972 12.07562 abris 0 1985  48.13 26.57 239 - -0.36 no
243 O 788974 1210332 abris 0 1931 44.69 353.76 19.81 3.41 -19.57 no
244 78.89731 1210158 abris 0 1935 = 47.16 116.17 4.69 0.71 1.67 no
245 41 (¢] O 78897 12.07297 face 1. 1990 43.11 229.80 17.40 2.83 90.35 act
246 78.89701  12.082 abris 0 1975 47.03 57.04 6.05 1.91 10.56 no
247 O 7889706  12.09633 abris 2 1954 4537 342.81 531 0.71 -6.38 inter
248 78.89691  12.08408 abris 1 1973 4331 345.80 5.75 - 16.69 act
249 78.89693  12.09608 abris 1 1955 46.48 61.72 13.82 0.71 -10.61 act
250 78.89683  12.09294 abris 0 1962  46.42 494 11.68 - 31.00 no
251 O 788977  12.09203 abris 0 1964 4713 300.60 14.69 7.95 -160.99 no
252 42 (¢] O 78897 12.08879 abris 3 1969  46.22 246.10 15.47 4.62 -164.68 inact
253 43 (¢] O 788962  12.09197 abris 0 1965  48.96 327.82 5.84 0.50 -17.23 no
254 78.89674  12.10554 255 0 1927 52.33 72.48 9.30 2.00 0.94 no
255 78.8966 12.10045 abris 3 1936 51.90 102.27 729 - 10.05 inact
256 78.89634  12.08627 255 1 1972 4799 54.80 8.70 - -6.08 act
257 78.8964 12.0952 abris 0 1957 48.76 345.98 813 - 50.86 no
258 O 788931  12.09494 abris 0 1958 49.09 267.36 532 0.50 14.13 no
259 78.89617  12.08743 abris 3 1971 4771 63.15 5.70 - -4.51 inact
260 78.89608  12.0882 abris 3 1970 4846 39.51 12.26 1.41 8.78 inact
261 O 7889%19  12.10866 255 0 1921 57.04 131.16 21.65 1.41 -62.97 no
262 78.896 12.09614 abris 0 1955  53.76 343.23 371 1.00 -4.21 no
263 44 (¢] O 788902  12.10545 255 0 1929 57.29 324.07 25.25 2.83 -14.50 no
264 O 7889585  12.10065 abris 3 1944 5427 318.55 14.97 4.24 19.60 inact
265 78.89559  12.08563 abris 0 1974 55.95 65.35 8.78 1.91 14.43 no
266 45 (¢] O 7889557  12.09103 255 3 1966  53.50 292.71 13.93 1.21 -29.28 inact
267 O 7889541  12.0853 255 0 1975  58.60 8.49 6.74 6.04 -7.29 no
268 78.89549  12.0972 abris 0 1951  57.60 321.26 6.69 2.41 -82.94 no
269 78.89527  12.08934 255 3 1969  53.42 33.81 473 - 12.14 inact
270 78.89509  12.08389 255 0 1981  64.78 310.26 12.63 0.71 -29.02 no
271 O 7889506  12.0894 255 3 1969  53.65 169.86 175 - -12.20 inact
272 78.89492  12.08133 abris 1 1990  52.95 15.64 498 1.41 -143.20 act
273 78.89486  12.09364 face 0 1957  64.13 243.46 414 1.41 22.31 no
274 46 (¢] O 7889473  12.08557 face 0 1977 7152 309.51 851 4.83 -65.22 no
275 78.89471  12.09843 255 0 1941 66.79 334.33 45.50 11.69 134.44 no
276 O 7889457  12.09297 face 3 1958  62.63 115.82 631 1.00 -13.49 inact
277 78.8944 12.09041 face 3 1967  59.97 333.65 7.68 - 33.60 inact
278 78.89427  12.08755 abris 0 1973 66.39 86.00 15.04 2.00 -11.81 no
279 47 (6] O 7889422  12.09399 abris 3 1949 64.63 295.17 717 - 2.01 inact
280 78.89408  12.09971 abris 3 1933 72.32 119.74 298 15.36 -57.10 inact
281 78.89386  12.08989 abris 3 1970  61.70 53.36 7.05 7.54 -28.32 inact
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No. ID SOC Veg X _coor. Y_coor. Wind Form Age DEM Aspect Slope  Length Curv. Runoff
282 O 7889391  12.09919 abris 0 1934 7515 64.51 7.68 2.62 -1.60 no
283 78.89372  12.09803 abris 0 1938  78.54 245.75 0.98 - 54.88 no
284 O 7889357 1209164 abris 3 1969  70.21 29.45 10.39 32.78 -43.87 inact
285 78.89341  12.09169 255 3 1970  76.11 356.84 17.11 3.50 -11.71 inact
286 O 7889332 1209217 255 3 1969  79.21 6.14 10.63 2.71 -6.63 inact
287 48 (¢] O 7889309  12.0832 face 0 1989  67.53 300.63 7.79 141 8.54 no
288 78.89313  12.10042 face 0 1930  72.98 38.64 17.89 3.54 -32.32 no
289 78.89296  12.0919 abris 0 1969  80.03 4.36 30.79 2.50 -7.96 no
290 78.89277  12.08273 abris 0 1993  64.46 271.04 12.15 0.50 17.10 no
291 O 7889279 1210004 face 0 1931  81.77 8.56 5.41 0.50 -11.58 no
292 49 (¢] O 7889253  12.08987 abris 0 1972 86.38 9.12 15.72 5.71 36.10 no
293 O 7889243  12.09604 255 0 1947 97.88 126.38 6.52 141 3.78 no
294 78.89238  12.0967 255 0 1944  98.10 29.50 14.76 0.71 40.86 no
295 78.89216  12.0962 255 0 1945 10230  290.05 8.17 - 37.24 no
296 78.8919 12.09357 abris 0 1954  98.40 332.90 20.00 77.06 11.94 no
297 78.89175  12.09109 255 0 1962 101.21  258.69 715 3.62 -58.70 no
298 50 (¢] O 7889149  12.09516 255 0 1943 11561  340.05 13.06 0.50 17.06 no
299 O 7889115  12.09507 255 0 1940 119.28  165.02 12.79 - 58.18 no
300 78.89041  12.09367 255 0 1934 13327 33279 23.04 5.45 -0.13 no
301 300 O O 78.8967 12.06317 0 2006  48.94 101.46 6.90 0.50 9.27 no
302 302 O O 788975 12.0523 0 2003 46.55 239.47 2.56 - -1.94 no
303 303 O O 78.89638  12.04761 0 2011 64.93 352.38 15.38 53.92 19.83 no
304 304 O O 7890019 1214132 0 1800 no
305 305 O O 7890306 1214771 0 1800 no
306 306 O O 7890378 1213 0 1800 no
307 307 O O 789043 12.13097 0 1800 no
308 308 O O 7890362 1212404 0 1800 no
309 309 O O 7890295 1212135 0 1800 no
310 310 O O 7890414 121111 0 1800 no
311 311 O O 7890555 1210581 0 1800 no
312 312 O O 7890602 1210433 0 1800 no
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2. AAEE A% A=

o ARARSE BARE 0§ YAFHAYG Y HYAE 2y

0

AR A4 dlolHE AAA delH dHE mEsigien, A4 dHolHe AEd A A
2l S =4S Fotel A= TR we A =y B

d, =& A%, & BAF Sol duHol e A Edsdn dS A #4191, 2, 35
o]-&3}o] ascending hierarchical classifications &3 M&EE A% A2 dolg= W3l
A HlelHE 8 ASem EFsta, 24 AT A4 548 B4 A s AS, AA
o] A7 E &< (training set) &2 AAE 3, H$-E =4 (maximum likelihood estimator)
& Tl A4 dHelHF gle FAde] AN E, AbH AL f87kR, B Ad 3 20139
Wk 2ol AFE Aok ASS et AR

™

O

1O

’“&“

zi > e 2w

Confusion matrix
Column, class from Factorial Analysis
Row, class from imagery

o 1 2 3 4 s L 7 L Tot
18 2 1 1

L]
1
2
3 9 ]
4 L]
s 7 7
0 3 3
3 7 7
5 6 ]
Tot 20 16 25 11 L] L] 3 9 L 107
° 1 2 3 4 3 L] 7 L Tot
o 71 952 476 100
1 476 7619 476 476 476 a7e 100
2 am 8289 370 %
3 100.00 100
4 100.00 100
5 100,00 100
& 100.00 100
7 100.00 100
8 20000 100
Tot (9959
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. g 24 (g8 21xF 4 Correspondences Factors Analysis, CFA)

444 dolH= Wty HolHE o]l&ste] #EHAE, AR, o|7F, AETH EY 3 ZH(black
crust)®] I = HolHe F AEF F, AFHAA, HFSIHEY = Eﬂ‘”]ﬂ% 72y 7y 5-671¢ &
P2 FERI}FH, dF G A AdHoz =5 YEyEs giFEEe AEES 279
S(EA TR FEStY 07 12 749 disjunctive matrix & tﬂﬂ%}oﬂﬁr. i A4 ol H
of A& A AZE ol &t tE A A4S AAstA el A3e v 2oy 1-10,

1-11).

m\l

(a) Graphique symétrique (b) Graphique symétrique (c) Graphique symétrique

{axes F1etF2:37.85%) (axesF1etF3:28.78%) (axes F2etF3:23.80%)
3
e -
.. " '
3 > 3 ol 7
2 £ H Y H "+
M g # B 4
5 "z z aled, o -

o
F2(16.43%)

1 0
F1(21.41%)

« Variables = Observations

a9 1-10. s A 4 25 (a) 125, (b) 1-35, (o) 2-3%

{a)
Graphique symétrique des variables Graphique symétrique des variables Graphique symétrique des variables
(axes FletF2:37.85%) (axes Fl1etF3:28.78%) (axes F2etF3:23.80%)
=
s 7 H
: g g°
;
F1(21.41%) F2(16.43%)
‘Graphique symétrique des observations Graphique symétrique des observations Graphique symétrique des observations
(axes FletF2:37.85%) (axes FletF3:28.78%) (axesF2etF3:23.80%)

F2(16.43%)
F1(7.37%)
F3(7.37%)

04 0o o0& o8 12 s 2 2 12 o8 @4 o o4
F1(20.41%) FL2LA1N)

 Observations « Observations

¥ 1-11. S ¢1x B4 A3} factorial spaceol A9 (a) A AAE BE (b) A= A F
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218 dolEl7t 7t Fol dis] APTxE AT Aol d& i AE Y 2AS AT
(19 1-12). 152 A4 9= 749 #dE Aoz E4HY (A5 A f{, o|7F, Y=}
A4 ES 97 F AE T, AFRYA, HSFHEY JEVF 15E uy FUteke ' s B2
Rom, ol EY Aot Aol Hodss AT  AAJTHTH 1-12). 25 =& HLo}
HdAE e Aom BAHGoH, o] FoA AYI Zo] wEFH AYPoA Ho] HAN= H
A2 ZE YT (Dryas octopetala)?t AZ23¥ Carex nardinas= 2% S W #Aasts ddS Hol
i, o] =4 5% snowbeddl A Ahebi= wNVIAE] (Sagina nivalis)= 258 wEt S7FstE 9
HE B aE 1-12). 352 FE44e #d sl e Aom #49H o777} 355 wet
AP o2 A4S FdstAri1d 1-13).

o AR AZE 2 ge] ASH E5F (Hierarchical classification)

Fe] A olH(98% )= g 7 A HAA YA tE A& A Hol A= 2AMEA &2
= "ol 22 2 x}F7Hfactorial space)ol]l YERG A A3 MZE o] AMEEIE 1=x ¢k
*th AEG AHE T TEdHe FEAT Eo i, AAE o] AHoE HAUT o
o EFE Al HW, A AMEE Aol nE2A HAUE classE D7) oHFEE 274 &

T =
A2 7 (classification) S A =39 o

HA AMEY AH dolHutez g/ ASH ER(2E 1-14)E st 7} classe FA T4
ATt 2l Z7ke] 2 A dglolg e} 7 classe] FAlTA Ale] Euclidean distanceS A4t
stod, 1 A M HAAYR UEYE class® St ™ 1-15, 1-16). 2] Ao EAF
A gkol Ul-§ AR FA A EFAVNA ZUH AHES class 002 Tt 1 7Hz
classol &3t A AAE EA profile +4 & F (27 1-17), =2 22 7} class®® S54&

w3ttt

o>

7} class®] EA

Class 0 @ Aol A9 EAletA &=th

7t AGAY, = e W 5 Eo
=
=

9 Al Aare] 84zl of

Class 1 : x=3o] Wo] =% ggpor} e AA I x& 717ttt 2-5 £/ 2 E0] 10% ©] 39
AP S Ho|u A&z
H

St A ERe 2 AT
Z3% Kol HEE A& (moraine)o] 2 =FFH A Ho]
= 12% olslolth. AEEH EF J2ZF 10% o]ste]al A

BEAEE AFWAATL ALk

Class 2 @ 7 AR Ax &=
o A4 I =T o HA AA
ol /& 5% o]sloltt. WA

o=
o R
n

I

Class 3 @ A9A ¢ =Fo] B, AA =7t v 3-759] A& ¥

i)
ox
(e
%
ax
H
o2
=
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Factorial coordinates

Gravity center coordinates

'l

Distance to all classes

I3

Fi Fz cial | Classe 1 2 3 4 5 5 7 a 5] L VIR SN EN 1EpialaleiE
Blaerst 06284 00639 3 e 0193 -0ELY| 026 0208 0539 0405 0413/ -00A2  (USES 0345 1163 D95 1471 1259 1134 2
Blacrstd 08557 01593 f2 0283 0440 555 Q023 DEDS -0.119 0034 -DACA  D764[0623° 1541 1153 1590 151§ 1447 2
s crst-d  03E10 F2 0431 DUC3E 0,09 0006 L3668 0S8 0530 035 002 O75E 0.498 0.445 0E35 0370 DETD &
Bz crstS - 13134 1475, 1 745 1,403 1,233 1110 1540 D42 7
Bimcratd | 05705 0,767 0351 0947 0.740) 1379 D48 17059 2
vasplad 04833 14 0433/ 0B5a 1308 0,870 1335 1454 054 i
Vaspind 05070 g 0809 0555 1300 0.040 1338 0018 L4d6 E
Vazplad 05234 s 174l 1943 1050 0886 0E09 0,230 LASE B
vaspla:s | 13288 7 1707 1503 1419 1457 1535 LEAL D982 7
vaspla-d -0B0BS 2 0857 0575 1268 1106 1682 1338 1452 H
Vasgla-Q -1.138L i 1330 1340 2.183 LE46 1700 1857 1892 1
Lichens-2 08212 1 0,793 030 1.323 Q752 1134 1313 085 i
Lichens™)  -0EB5L 2 0,775 OF53 1421 1124 1682 L5TL 1325 ¥
Lichens-5 06323 3 1478 1303 0.588 L071 1678 1562 DHSL 3
Lichens-3 - DELTE A 1445 1634 1801 1338 061E 1106 LESS 5
lichens-4  DLI718 - 1.378 1044 1678 LO3L 1577 0.875 1353 2
Bryophed  -DALEE 1l 0425 0550 1314 D762 0983 1053 L175 1
Bryoph-d 01232 T D540 0227 0.717 0,409 1043 0.719. D832 ]
Bryoph-d | 11951 7 1456 1525 0,997 L0S3 1321 13600735 7
Eryoph'S  LOGEE s 2,075 1015 1277 L7532 22168 2067 L1382 3 |
Bryoph-t  -0/E083 al 1286 0E34 1159 1729 1838 1271 1553 E
tobsl-4 D763 &£ 0.505:0.730. 0,514 0,333 Q451 0650 0748 1
total-z  -is3Ed Pk 1Z10 1204 2
total-5 13858 el 1390 LOIE 7
toeal3 -puEsL | Z 1023 D74 1
tobal-1 L1572 3 x 1588 1L.B47 i
San opp-3 | -0.5509 0.2740 11065 1285 2
San Opp-Z - - 1576 -3.28B2 1.E50 OGS H
Sanopp-L (5389 G455T T.728 0623 5 |
52w opp-1 | 02644 -D.FG6D 0906 15500 S
Saw opp-5 DUTES 03502 - 152000433 7
salpol-3 - 0/6241L -0.1069 375 DLB5L 4
salpol-l | -0.3788 03463 1318 050 1
salpal-s | 12447 03850 AT 1451 ]
salpol4 | 0,0706° 05203 07980772 3
talpol-2  -Z5BE 54595 1231 D.E3E I
[Salpol-0  -0i835d 0.2TR0 1388 1415 H
Oizwii-0 01363 02448 0811 0788 1
Dipveel | GF1L0 -12%38 1322 LA 3
[Sagnivl | 00551 Q81T 13000733 3
Sagnbv-D 005344 04303 O6e3 163 L]
Drs cony-1 | -0U0BSA 04512 1052 0974 1
Cers coy-0 | {10487 2617 O6B9 GG a
M mib-1 | £.2203 dBaS1 (GBI 1117 | ]
Min mib-0 | -01108 -0.5108 fas1 088 0a58 | 1352 0983 0118  }
Cerarc-l  -0U0303° 05650 08T 1038 0428 0781 DAED DS 1
Cesarc-D | O,0442 15280 (805 564’ 3400 D600 1956 0718 0864 1
Fl el 05024 DRI LO23 1008 0398 0018 1585 1068 0948 3
$il g -DIEEC DI04 CU1SE D370 G96H DY 0840 0BG DAL 1
Pedhir-D -00153° 00653 Gacs 03358 G761 0229 08K 0017 DA4] 4
Pechird 05674 17524 Tnta Y37 1924 2,268 1578 1805 2628 1
PAniA ARERA" AALEE B LA A NG A R e ST A A -
Minimum
Affectation of ¥
R distance
the minimum
distance class 2 I
a9 1-15. A A A 59| class &9
i va m m
p-] 2 8
2 2 Z
v3 vd
= v 5
vl
vh vh
vl ” o
vi v3
W ¥5 @ v3 P 5
V3 v3
= i5i5
2 i =]
2 it 2
T v5
vid v3 Axis 1 Axis 2
vB i3 \'3“]' v ‘fml,ﬁiij}?ﬁ V7
y il a7
s #43 f aff b
> L7 i " 3 3
v3 vl vAT v3
‘_]v?'
v3
v
v3
v3 v7 7

Z191-16. Factorial space®] YEFH class?]
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a9 1-17. 2E class®] A4 23 zZ2ahd gty

e A% A

A A7} classE ¢ e A4 ARE s A F(training set) 2 & A S, Hol¢=
74 (maximum likelihood estimator)S &3 214 dlo]E7} gl T Al 5?} d JX} (LIDAR
DEMC 28 ¥ 1%, Al ZAE 2013 8% Pleiade PANY} MSO 23 E radiometry; Pleiade® %
B tteFdt X145 - NDVI, TNDVL VI, Iron, WL..; &-FARA o2 HE B Adf 2 20139 H
st EAAAMEH A)E Estd], classE A G TozA A= A THIE 1-9). &4
AbEEFAE 10770 A el tial, g I} FA4S Ed EFE classe AAAE A4S FE &
T4 class®] YA EE EAg A3} 99.59%°] AL At

e
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=
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ol
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N
12
rlo
N

20, 1, 2 class7} E¥3F+= Aoz FoxQdtt. Class 0, 1, 29+
1 o] Aol FE3A EAY, Wl IE7F v, o H
5 ASS yeEldY. YR classES WelE Wk A}
% 7HgAE o 2 Fxsted], Welel 7k A9 RT WEtE A
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=
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E¢ 1 M HCUEFHCI = 1:1200s ¥, 48AEt A3 & /T2 4+ & E4S
w8 Azsgnh aea ARY EGS B4 T, ARRAVE Ba 2Asdn. BAES £
F7RAE FEE YSRYY Pold5E Boli ARS mgo Welrh FHAA Azte] @
o] AgoE, FE e AFEe] AATHE 1-2, 1Y 1-18)

t}. £ 7)== (bulk density) &2

EAS o]&3le] 7MMFE AAslE Soil Texture Triangle Hydraulic Properties Calculator
(http://hydrolab.arsusda.gov/soilwater/Index.htm)-S o] &3ttt 4 Ay W FEHA G Az
S A9 B /Fe AW od 14-16 ¢ cm 9 W99 FSs BATHE 1-5).

Bl EASE F718S BAF F, Bt 54408 (wet-sieving) & B3 Lelsha, vlAksh 4
Ex JI3HS B3 S A B4 A U TEAY W] EXLS T2 2 e AL
HAdE(sandy loam)Z, WEE A E npgEe AMEAAdE = vAld FE(silty loam)Z =45

oHE 1-6).

ol B B4 B4

Wl EA9 0-5 cm %Zol9 EY pHe Fdzgldo= 7386 Wy, A7dEz+
567121 pem ' W99 FHe BATH I 1-19). 18l WEESE Ao shbe] ghelele] 1070 A A
I, WetE A= s 97 AR el EFO5 cm o) A2 AR FHste, e w EafE
¥, ICP-AESE &3l & <1(P), HEFWNa), ZF(K), nt2dlgMg), Z#(Ca) TS = 4
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T 12 A=Y NHe Zdold Y H78A ¥E (g Kg'!, n=3)
Deglaci- Site D1 D2 D3 D4
ated yr  No. Mean SD Mean SD Mean SD Mean SD
1926 6 1.9 04 1.6 0.3 15 0.3 1.6 0.3
1931 10 3.9 2.6 15 0.0 14 0.2 1.3 0.3
1937 20 4.9 3.2 11 04 0.8 0.2 1.2 0.3
1941 25 31 0.7 13 0.2 1.2 0.1 14 0.2
1942 37 3.9 2.2 1.6 04 1.2 0.2 13 0.3
1944 47 6.7 43 1.8 0.4 13 0.1 13 0.2
1950 60 7.5 29 2.6 0.1 2.0 0.3 1.5 0.3
1949 62 5.2 49 1.0 0.2 0.9 0.1 1.2 04
1930 66 6.8 49 14 0.2 11 0.1 1.2 0.2
1934 71 8.7 3.4 1.9 0.3 1.8 0.2 1.5 0.2
1952 81 2.6 1.0 15 0.1 15 0.2 14 0.2
1955 84 2.0 0.6 15 0.6 1.3 0.1 1.1 0.1
1960 93 0.7 0.0 0.7 0.0 0.7 0.1 11 0.9
1950 102 8.3 1.6 5.5 3.1 44 3.7 3.3 11
1957 103 4.5 53 3.0 15 2.0 0.4 14 0.1
1960 120 9.6 10.4 2.0 0.3 15 0.3 14 0.3
1966 124 4.4 24 13 04 1.0 0.1 1.0 0.1
1948 130 4.0 1.9 11 0.2 0.8 0.6 1.0 0.1
1961 132 5.6 1.6 2.0 04 18 0.1 1.6 0.2
1969 138 31 15 1.2 0.3 11 0.0 1.2 0.2
1956 141 0.7 0.1 0.7 0.1 0.7 0.1 0.8 0.2
1951 149 0.7 0.1 0.8 0.2 0.7 0.0 0.7 0.1
1970 157 24 1.2 14 01 14 0.1 14 0.2
1979 170 15 0.8 1.2 0.2 1.2 0.2 1.6 04
1933 177 25 0.8 1.8 0.2 1.9 0.0 18 0.2
1970 182 29 15 2.0 0.3 2.0 0.2 1.8 04
1978 191 41 1.9 1.6 0.4 11 0.1 1.1 0.1
1926 204 3.3 0.7 1.9 0.3 14 0.2 1.3 0.1
1957 222 6.5 3.0 3.2 0.2 2.8 0.2 3.0 0.3
1977 225 1.3 0.0 1.2 0.1 14 0.2 2.2 0.2
1963 231 3.1 0.7 1.7 0.3 21 0.1 21 0.1
1981 237 2.2 0.4 1.3 0.3 15 0.3 1.6 0.0
1990 245 1.8 0.8 11 0.1 1.0 0.1 1.0 0.1
1969 252 1.7 0.3 1.3 0.3 1.2 0.1 1.1 0.0
1965 253 2.0 1.8 1.2 0.5 1.3 0.5 14 04
1929 263 7.1 41 14 0.2 1.1 0.1 1.0 0.2
1966 266 4.2 2.2 13 0.2 13 0.3 1.5 0.5
1977 274 34 14 1.9 05 18 0.1 1.9 0.1
1949 279 1.6 0.6 1.2 0.2 1.2 0.2 1.1 0.1
1989 287 1.2 0.3 3.0 0.8 15 0.1 1.1 0.2
1972 292 2.8 14 13 0.1 13 0.1 1.2 0.1
1943 298 41 3.0 24 05 18 0.1 1.8 0.1
2006 301 24 0.8 0.9 0.1 0.9 0.1 1.2 04
2003 302 14 0.1 0.9 0.2 0.8 0.0 0.8 0.0
2011 303 11 0.2 11 0.1 1.2 0.1
Outside 304 21.4 21 222 43 16.0 5.8 5.8 1.0
of 305 233 7.9 9.1 3.5 6.1 3.0 3.2 0.3
moraine 306 61.2 17.0 26.9 15.7 218 15.0 2238 11.6
307 322 6.4 229 3.7 23.7 41 212 12.6
308 77.5 18.1 29.9 18.4 35.6 35.6 16.8 11.1
309 62.2 114 36.1 8.8 22.7 9.5 74 14
310 7.1 1.9 8.1 6.8 12.7 4.2 51 2.2
311 33.1 8.5 26.6 19.6 229 11.7 259 14.2
312 58.1 14.9 43.5 3.2 30.6 3.2 21.8 8.3
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Deglaci- Site D1 D2 D3 D4
ated yr  No. Mean SD Mean SD Mean SD Mean SD
1926 6 0.11 0.05 0.09 0.04 0.09 0.03 0.09 0.01
1931 10 0.22 0.13 0.07 0.01 0.06 0.02 0.05 0.03
1937 20 0.31 0.22 0.05 0.01 0.05 0.01 0.06 0.02
1941 25 0.21 0.07 0.07 0.01 0.06 0.01 0.07 0.02
1942 37 0.25 0.16 0.08 0.02 0.06 0.00 0.06 0.01
1944 47 0.44 0.30 0.10 0.03 0.07 0.01 0.06 0.01
1950 60 0.47 0.23 0.13 0.01 0.09 0.02 0.06 0.02
1949 62 0.34 0.33 0.05 0.02 0.05 0.01 0.06 0.02
1930 66 0.40 0.30 0.06 0.01 0.05 0.00 0.06 0.02
1934 71 0.57 0.21 0.11 0.00 0.10 0.01 0.08 0.01
1952 81 0.14 0.07 0.06 0.01 0.05 0.00 0.05 0.00
1955 84 0.11 0.05 0.06 0.03 0.05 0.01 0.04 0.01
1960 93 0.03 0.00 0.03 0.00 0.03 0.00 0.04 0.03
1950 102 0.35 0.08 0.19 0.10 0.14 0.11 0.10 0.03
1957 103 0.26 0.32 0.18 0.11 0.11 0.04 0.07 0.02
1960 120 0.58 0.60 0.11 0.02 0.07 0.01 0.06 0.01
1966 124 0.28 0.15 0.06 0.03 0.05 0.01 0.05 0.00
1948 130 0.24 0.10 0.05 0.01 0.03 0.02 0.05 0.00
1961 132 0.36 0.10 0.10 0.03 0.09 0.02 0.09 0.01
1969 138 0.18 0.09 0.06 0.01 0.05 0.00 0.06 0.02
1956 141 0.03 0.01 0.03 0.01 0.02 0.01 0.03 0.00
1951 149 0.03 0.01 0.06 0.04 0.04 0.01 0.04 0.00
1970 157 0.16 0.08 0.09 0.01 0.08 0.02 0.08 0.01
1979 170 0.10 0.06 0.06 0.01 0.07 0.01 0.13 0.06
1933 177 0.18 0.06 0.12 0.02 0.12 0.02 0.11 0.01
1970 182 0.18 0.12 0.10 0.02 0.10 0.01 0.09 0.02
1978 191 0.29 0.13 0.10 0.03 0.06 0.01 0.05 0.00
1926 204 0.23 0.06 0.13 0.02 0.09 0.02 0.07 0.01
1957 222 0.44 0.18 0.23 0.02 0.20 0.03 0.20 0.02
1977 225 0.07 0.03 0.06 0.01 0.06 0.01 0.11 0.02
1963 231 0.22 0.10 0.10 0.04 0.15 0.02 0.17 0.01
1981 237 0.14 0.04 0.07 0.01 0.07 0.00 0.08 0.01
1990 245 0.13 0.05 0.07 0.01 0.06 0.01 0.06 0.02
1969 252 0.08 0.02 0.05 0.01 0.05 0.00 0.05 0.01
1965 253 0.11 0.12 0.06 0.04 0.07 0.05 0.07 0.04
1929 263 0.42 0.27 0.06 0.01 0.05 0.01 0.04 0.01
1966 266 0.24 0.15 0.06 0.02 0.05 0.02 0.07 0.02
1977 274 0.23 0.08 0.12 0.03 0.11 0.02 0.11 0.01
1949 279 0.08 0.04 0.05 0.01 0.05 0.01 0.04 0.00
1989 287 0.06 0.01 0.20 0.07 0.08 0.01 0.06 0.02
1972 292 0.17 0.11 0.06 0.00 0.06 0.01 0.05 0.00
1943 298 0.25 0.20 0.12 0.04 0.08 0.01 0.08 0.01
2006 301 0.15 0.05 0.05 0.01 0.04 0.01 0.06 0.01
2003 302 0.08 0.01 0.04 0.01 0.04 0.00 0.05 0.00
2011 303 0.04 0.01 0.04 0.00 0.04 0.00
Outside 304 1.84 0.19 1.93 0.26 1.31 0.59 04 0.1
of 305 1.65 0.43 0.62 0.25 0.38 0.24 0.2 0.0
moraine 306 481 1.16 2.37 1.38 1.96 1.43 2.0 11
307 2.98 0.45 2.28 0.16 247 0.31 22 1.3
308 7.20 1.37 2.83 1.59 3.39 341 1.6 1.0
309 4.67 0.38 3.08 1.17 1.89 0.85 0.6 0.1
310 0.51 0.16 0.55 0.47 0.95 0.35 04 0.2
311 2.77 0.59 231 1.49 2.05 0.84 22 0.9
312 4.73 1.09 3.88 0.15 2.73 0.28 1.9 0.9
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Deglaci- Site D1 D2 D3 D4
ated yr  No. Mean SD Mean SD Mean SD Mean SD
1926 6 17.8 29 17.9 4.7 18.5 41 18.9 2.0
1931 10 18.2 3.7 21.6 2.1 255 5.6 29.8 129
1937 20 15.9 1.0 223 41 18.4 15 20.3 2.0
1941 25 15.3 2.3 19.5 0.8 20.9 1.9 22.0 3.2
1942 37 17.1 3.7 20.8 11 199 2.3 204 0.6
1944 47 15.6 1.2 19.1 21 194 1.2 21.0 1.0
1950 60 1.8 20.5 0.1 22.0 1.9 247 3.3
1949 62 15.7 15 19.8 24 18.6 2.7 194 1.8
1930 66 18.0 29 222 3.6 23.8 2.2 212 2.3
1934 71 15.1 0.3 17.2 1.9 18.5 0.4 19.5 1.0
1952 81 19.4 2.7 27.1 2.5 26.6 2.7 269 1.9
1955 84 19.2 4.2 23.2 3.1 254 4.7 26.0 7.0
1960 93 243 3.2 23.8 2.6 249 3.4 25.8 4.8
1950 102 23.6 21 28.6 1.0 29.7 2.6 33.8 0.9
1957 103 16.1 0.7 17.2 2.0 19.7 2.5 20.2 2.5
1960 120 16.2 1.1 17.6 0.7 20.3 2.2 219 2.6
1966 124 15.2 0.7 21.6 4.7 22.6 5.3 22.0 2.6
1948 130 16.6 1.3 23.7 18 23.1 4.4 229 1.2
1961 132 15.8 11 20.0 2.8 20.0 3.5 174 0.3
1969 138 17.4 13 22.0 05 224 0.6 20.0 2.2
1956 141 19.3 21 30.3 7.9 318 16.2 28.7 7.8
1951 149 254 7.5 18.0 8.3 17.8 2.7 20.0 2.6
1970 157 15.2 11 15.9 3.0 16.9 2.8 16.4 0.7
1979 170 15.3 1.1 19.4 22 17.7 1.5 14.4 47
1933 177 13.9 1.0 15.2 0.3 16.3 2.0 16.2 2.7
1970 182 17.1 21 20.2 3.0 19.6 11 19.2 0.9
1978 191 13.9 04 17.0 1.6 204 3.0 204 1.0
1926 204 14.7 11 15.4 15 154 1.7 17.3 0.9
1957 222 14.6 11 13.8 18 14.1 21 151 0.6
1977 225 19.5 6.4 21.8 59 22.7 21 195 2.7
1963 231 15.0 3.3 17.2 5.0 13.8 14 12.6 1.2
1981 237 16.5 1.9 20.1 1.3 21.6 2.5 21.0 2.6
1990 245 14.6 0.1 15.3 2.5 16.2 3.0 17.3 54
1969 252 20.5 0.9 254 2.2 223 3.5 23.6 3.5
1965 253 20.5 3.8 213 48 222 10.2 21.6 8.1
1929 263 19.0 42 23.7 15 238 3.2 237 34
1966 266 17.9 4.0 21.6 5.2 25.8 4.9 223 2.5
1977 274 14.6 1.8 16.4 22 17.2 3.5 16.9 1.2
1949 279 20.6 3.4 23.1 1.6 245 2.6 245 1.9
1989 287 22.2 29 15.3 1.2 194 18 204 49
1972 292 17.1 2.0 22.2 0.9 22.2 21 22.6 14
1943 298 17.3 21 20.5 3.9 232 1.9 21.8 1.1
2006 301 16.0 15 20.8 3.8 19.7 21 18.8 5.0
2003 302 17.8 14 20.7 1.9 19.1 21 17.5 1.0
2011 303 25.1 1.1 26.9 1.5 26.8 21
Outside 304 11.7 0.6 11.4 1.0 12.5 1.3 153 0.8
of 305 13.9 14 14.8 0.3 16.9 2.6 19.0 1.1
moraine 306 12.6 0.6 11.4 0.0 11.3 0.5 11.5 0.8
307 10.7 0.5 10.0 11 9.5 0.4 9.9 0.5
308 10.7 0.7 10.4 0.5 10.5 0.1 10.6 0.2
309 13.4 2.6 121 14 121 0.4 12.5 0.1
310 14.1 0.8 14.9 0.9 13.5 0.7 13.6 2.0
311 11.9 05 11.0 15 10.9 14 114 1.8
312 12.2 05 11.2 05 11.2 0.5 11.8 1.0
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¥ 15 74 A=y AHE EY 7MHS (g em™)
Deglaciated Site No. D1 D2 D3 D4
Year
1937 20 1.49 1.40
1941 25 145 147 1.48 147
1942 37 1.46 1.63 1.62
1944 47 1.61 1.61 1.60 1.62
1950 60 1.64 1.63
1949 62 1.55 1.54
1934 71 1.63 1.62 1.62 1.62
1952 81 1.53 0.56 1.52 1.60
1950 102 1.62 1.62 1.63
1957 103 1.63 1.63 1.60
1960 120 1.62 1.63 1.63 1.63
1961 132 1.63 1.63 1.63 1.63
1969 138 1.65 1.59 1.63 1.63
1956 141 1.52 152 1.52 152
1970 157 1.58 1.61 1.63 1.63
1979 170 1.54 161 1.63 1.63
1970 182 1.63 1.63 1.63 1.63
1978 191 1.63 1.63 1.63 1.63
1957 22 1.63 1.63 1.63 1.63
1977 25 153 153 1.56 1.62
1963 31 1.58 1.60 1.63 1.63
1990 25 1.61 1.60 1.58 157
1929 263 1.61 1.62 1.62
1966 266 1.55 1.54 1.55 154
1977 274 1.64 1.64 1.64 1.64
1989 287 1.67 1.66 1.66 1.66
1972 292 1.64 1.64 1.64 1.64
1943 298 1.63 1.63 1.63 1.64
2006 301 1.65 1.63 1.63 1.64
2003 302 1.64 1.65 1.63
Outside of 304 1.66 1.67 1.66 1.59
moraine 305 1.64 1.61 1.59 1.56
306 1.65 1.66 1.66 1.66
307 1.64 1.66 1.67 1.68
308 1.65 1.62 1.63 1.63
309 1.65 1.66
310 1.62 1.63 1.64 1.63
311 1.67 1.66 1.65 1.65
312 1.65 1.66 1.66
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£ 16 T4 YAFEAGE WA wpRE ] EH(%)
Year No. D1 D2 D3 D4

Sand  Silt  Clay Texture Sand Silt  Clay Texture Sand  Silt Clay Texture Sand Silt  Clay Texture
1926 6 878  10.0 2.3 sand 86.0 11.4 2.6  loamy sand 843 128 29  loamy sand 843 124 3.3  loamy sand
1931 10 0.0 92.8 7.2 silt 60.3 315 8.1 sandy loam  57.1 33.2 9.7 sandy loam 585 334 8.1 sandy loam
1937 20 861 122 1.7 sand 92.6 34 3.9 sand 875 111 14 sand
1941 25 778  13.6 8.5 sandy loam  59.6  37.2 32  sandy loam 519 36,6 115 sandy loam 518 366 116 sandy loam
1942 37 65.6 282 6.2  sandy loam 629 288 83  sandy loam  63.1 28.9 8.0 sandy loam 638 304 5.8  sandy loam
1944 47 704 269 27  sandy loam 719 223 58  sandy loam 756 187 57  loamy sand 77.1 17.5 5.3  sandy loam
1950 60 53.7 361 10.1  sandy loam 525 354 121 sandy loam 50.7 372 121 loam 530 347 119 sandy loam
1949 62 846  13.6 1.8 sand 90.9 7.3 1.8 sand
1930 66 835 149 1.6 loamy sand 80.1 18.0 1.9 loamy sand 769 204 27  loamy sand 579 371 5.0 sandy loam
1934 71 579 318 102 sandy loam 453 - 379 168 loam 475 362 162 loam 461 383 156 loam
1952 81 93.0 5.2 1.7 sand 94.7 3.5 1.8 sand 96.0 2.6 14 sand 756 193 51  loamy sand
1955 84 89.6 7.9 24 sand 674 248 78 sandy loam 652 273 75  sandy loam 67.6  24.0 84  sandy loam
1960 93 90.4 7.7 1.8 sand 95.9 34 0.7 sand 94.1 5.8 0.1 sand 95.8 31 11 sand
1950 102 418 415 167 loam 426 403 171 loam 463 383 154 loam 501 381 118 loam
1957 103 624 307 6.9 sandy loam 59.5 323 8.2  sandy loam 479 450 7.1 sandy loam 748 192 59  sandy loam
1960 120 66.0  26.5 7.5 sandy loam  60.1 30.4 95 'sandy loam 573 = 317 109 sandy loam 530 347 124 sandy loam
1966 124 57.1 33.9 9.0 sandy loam 67.6 = 235 8.9  sandy loam  63.1 27.0 9.9  sandy loam  54.1 330 128 sandy loam
1948 130 853 113 33  loamy sand  89.2 74 34 sand 912 5.3 35 sand 91.7 4.7 3.7 sand
1961 132 498 381 120 loam 502 366 132 loam 505 365 129 loam 65.6 254 9.0 sandy loam
1969 138 458 467 7.5 sandy loam 803 144 53  loamy sand  64.1 27.0 9.0 sandy loam 595  30.8 9.8  sandy loam
1956 141 96.8 1.3 1.8 sand 96.2 29 1.0 sand 95.4 35 1.0 sand 97.0 21 0.9 sand
1951 149 97.6 1.6 0.8 sand 96.5 2.6 0.8 sand 96.4 28 0.8 sand 93.7 5.0 14 sand
1970 157 792 189 20  loamy sand 69.2 283 25 sandy loam 552 340 108 sandy loam 547 333 120 sandy loam
1979 170 88.7 9.7 1.6 sand 714 242 44  sandy loam 500 364  13.6 loam 491 366 143 loam
1933 177 525 379 9.6  sandy loam 433 489 7.9 loam 316 578 106 silty loam 548 346 106 sandy loam
1970 182 60.1 33.4 6.5 sandy loam 520 356 124 sandy loam 502 374 124 loam 472 403 124 loam
1978 191 60.2 349 49  sandy loam 527 346 127 sandy loam 499 356 146 loam 502 355 143 loam
1926 204 88.5 8.8 2.6 sand 89.2 79 29 sand 90.1 7.5 23 sand 874 106 2.0 sand
1957 222 547 339 115 sandy loam 542 308 150 sandy loam 539 31.0 151 sandy loam 53.6 316 148 sandy loam
1977 225 93.4 51 15 sand 93.0 53 1.7 sand 854 128 1.7  loamy sand 680 254 6.6  sandy loam
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# 1-6. = WefHA G YatE A npgse] B4 (A1)
Year No. D1 D2 D3 D4
Sand  Silt  Clay Texture Sand Silt  Clay Texture Sand  Silt Clay Texture Sand Silt  Clay Texture
1963 231 780  18.6 34  loamy sand 715 = 24.6 3.9 sandy loam 632  29.1 77  sandy loam 520 341 139  sandy loam
1981 237 58.7 334 79  sandy loam 720 247 32  sandy loam 772 199 29  loamy sand 736  23.0 3.3  loamy sand
1990 245 683  29.0 27  sandy loam 722 256 22  loamy sand  78.1 194 25  loamy sand 803 185 1.2 loamy sand
1969 252 92.8 6.0 1.2 sand 91.6 47 3.7 sand 91.7 73 11 sand 929 6.1 1.0 sand
1965 253 85.6 134 1.0  loamy sand 779  20.7 14  loamy sand 778 205 1.7  loamy sand 733 239 28  loamy sand
1929 263 679  29.0 3.1 sandy loam  67.0 293 3.8 sandy loam 643  30.0 58  sandy loam
1966 266 882 100 1.8 sand 88.8 9.5 1.7 sand 876 109 15 sand 90.7 8.0 1.3 sand
1977 274 539 371 9.0 sandy loam 529 359 112 sandy loam 522 367 111 sandy loam 543 353 105 sandy loam
1949 279 90.4 8.0 1.6 sand 861 123 15 sand 862 117 22 sand 675 282 43  sandy loam
1989 287 353  60.2 4.6 silty loam 438 - 501 6.1 silty loam 36.8  56.7 6.5 silty loam 444 509 47 silty loam
1972 292 53.1 39.8 7.1 sandy loam 448 451 10.1 loam 460 437 103 loam 532  38.0 8.8  sandy loam
1943 298 59.8 3138 8.5 sandy loam 585  33.8 7.7 sandy loam 595  33.0 75  sandy loam 559 355 8.6  sandy loam
2006 301 499 475 26  sandy loam 514 349 137 loam 466 375 159 loam 550 309 140 sandy loam
2003 302 519 360 121 sandy loam 503  36.6 131 loam 499 354 147 loam
2011 303 502 387 111 loam 456 395 149 loam 459 395 146 loam
Outside 304 427 529 4.5 silty loam 40.7 551 42 silty loam 482 473 44  sandy loam 775 195 3.0 loamy sand
of 305 572 39.0 3.8 sandy loam 703  27.6 21 sandy loam 758 222 1.9 loamy sand 836  14.2 2.2 sand
moraine 306 489 475 3.6  sandy loam 464 493 43 silty loam 459 496 4.4 silty loam 443 529 2.9 silty loam
307 58.6  37.6 3.8 silty loam 46.8  50.6 2.6 silty loam 395  56.7 3.8 silty loam 212 740 4.8 silty loam
308 541 405 54  sandy loam  66.1 29.4 45  sandy loam 635 323 42  sandy loam 65.0 307 44  sandy loam
309 154 758 8.9 silty loam 148 771 8.1 silty loam
310 66.3  28.6 51 sandy loam  60.8  32.7 6.5 sandy loam 546  39.0 6.4  sandy loam 652 304 44  sandy loam
311 20.4 72.5 7.1 silty loam 25.2 67.4 7.4 silty loam 17.0 73.8 9.2 silty loam 24.8 64.9 10.3 silty loam
312 39.3 528 7.8 silty loam 412 531 5.7 silty loam 362 572 6.6 silty loam
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B f71ea AdE (Mg C/m’ soil)

= C %% (Mg C/Mg soil) x 7F2%* (Mg soil/m® soil) x E%¥ Z o] (m)
| AAEH o] o 7FE %= BDpypid'@H S ©]-8-3F 9 tH(Throop et al., 2012).

BDhybia = mass of the fine earth (< 2mm particle size fraction) divided by

the volume of the entire soil pit

30 cm Zol7AA 9 Fre A AgH AskAzt W9 15271542 Mg hal, B3t 545 Mg ha! %
S UEHEHE 1-7). o] FolAd E9 5-10, 10-20, 20-30 cm ZololME f7e 49 HxE7}
M2 2ol YA kARt 0-5 cm ol E e A FE xtolrt YET oRow
7] &k Xiﬂakol XZF 05 cm ZHolo frieta Fxe U AL 9,18—% e TH
=079, % 1-8). 7184 AFFS A4 B4 0&(r = 0587 #&HAE RE9 (r
0.59)ell Fa& Wt

o] e AgFe] ¥

Al

of walA §olst

Il
B

@
®
u

g 1-21). 3%17]01] 6‘}% Hé%}—% 3 B E dHkx o}o}.]:/j X];g
Aol st el kS HorAY Al s wWEo] doju= A H
EUTHE 1-22).
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¥ 1-7. WFEHAY 30 cm Dol 7HA 9 Fr1eA A (¢ Mg hal)
w  Ote MeravelM o i i Cay  SOC.top SOC.CY TN.top O BD_ | Stock_
No. soil ratio hybrid hybrid
ML 6 171 8778 995 227 0.19 2220 001 1777 078 3.98
ML 10 127 6130 3195 675 0.39 6718 002 1821 091 5.00
ML 20 1.20 8.08 1221 171 0.49 6669 003 1591  0.90 441
ML 25 0.98 7783 1364 853 0.31 2307 002 1530 101 5.28
ML 37 0.94 65.61 2820  6.19 0.39 5647 002 1708 101 5.39
ML 47 1.00 7038 2691 271 0.67 6410 004 1564  0.97 6.16
ML 60 0.70 5371 3614 1014 075 3850 005 1644 108 8.81
ML 62 116 8459 1357 184 0.52 9360 003 1571 092 462
ML 66 0.90 8352 1493 155 0.68 7165 004 1800  1.00 6.13
ML 71 0.94 57.95 3184 1021 087 3879 006 1514 1.00 8.87
ML 81 0.80 9304 52 171 0.26 3654 001 19.38 1.04 454
ML 84 117 89.65 792 243 0.20 3082 001 1919 092 372
ML 93 173 9044 773 183 0.07 5.02 000 2429 078 1.99
ML 102 065 4183 4150 1667 083 1915 004 2363 110 1542
ML 103 095 6242 3073 685 0.59 7302 004 1611 098 5.69
ML 120 128 66.02 2652 7.6 096 10832 006 1621 082 7.81
ML 124 068 5710 3388 9.02 0.4 5582 003 1516 112 5.15
ML 130 057 85.32 1133 335 0.40 4739 002 1690 115 418
ML 132 052 1984 3812 1204 056 2811 004 1575 1.20 8.50
ML 138 117 575 4675 750 0.31 4662 002 1741 094 4.46
ML 141 151 %84 132 183 0.07 1336 000 1933 082 152
ML 149 159 9758 163 . 080 0.07 1142 000 2082 080 1.64
ML 157 112 7917 /1887 | 19 0.24 812 002 1519 094 461
ML 170 218 8872 965 163 0.15 5430 001 1532 0.8 4.27
ML 177 . 5255  37.85  9.60 0.25 3133 002 1385 . .
ML 182 102 60.13 3336 651 0.29 5222 002 1707 0.99 6.45
ML 191 137 60.19 3487 © 495 0.41 4638 003 1393 087 4.96
ML 204 - 8854 882 263 0.33 2084 002 1471 . .
ML 222 031 5467 3388 1146 0.4 $392 004 1494 128 1153
ML 225 154 60.13 3336 651 0.13 233 001 1952  0.84 452
ML 231 101 7803 1859  3.38 0.31 2232 002 1498 098 6.60
ML 237 069 5874 3336 7.89 0.22 1934 001 1652 114 474
ML 245 089 68.28 2904 268 0.18 4279 001 1459 1.04 321
ML 252 157 9278 598 123 0.17 1709 001 2049 081 2,65
ML 253 069 85.62 1343 096 0.20 91.22 001 2084 111 470
ML 263 100 6789 2900  3.10 0.71 5683 004 1899 096 6.72
ML 266 109 8824 1001 175 0.44 5372 002 1878 093 493
ML 274 102 5388  37.08  9.03 0.34 4037 002 145 099 6.57
ML 279 110 9044 79 159 0.16 3944 001 2065  0.94 3.00
ML 287 081 3$.25 6019 455 0.30 2558 002 1528 1.08 453
ML 292 108 5313 3980  7.07 0.28 4918 002 1707 097 476
ML 208 116 59.76 3178 8.46 0.4 5910 003 1621  0.93 6.13
ML 301 _ 1991 4747 263 0.24 3123 002 1605 . .
ML 302 . 51.87 3600 1214 0.4 1087 001  17.80 . .
ML 303 - 5016 3870 1.14 011 1571 000 2511 . .
ML 304 005 1267 5288 445 214 9.61 018 1166 124 4583
ML 305 009 57.22 3898  3.80 233 3378 017 13.88 115 2340
ML 306 026 1892 4746 362 6.12 2784 048 1264 082 6430
ML 307 131 5858  37.60 382 322 1986 030 1073 075 5420
ML 308 095 5408 4048  5.44 775 2331 072 1071 070  64.02
ML 309 008 1536 7577 887 6.22 1833 047 1338 075 6899
ML 310 0.00 6630 2858  5.12 0.71 2658 005 1408 150 3450
ML 311 041 2040 7254 705 3.39 2192 028 1222 097 6083
ML 312 098 3934 5282 7.84 5.81 2558 047 1221 067 7574
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Li

Bryo VP TotCovFreq Age

Sand 0.50 -0.47
Clay -0.52 0.53

SeloMl .052 081
G 058 0.79
(N 019 053
Li 047 042

AN -0.26 0.50
VP -0.25 0.48
G -0.26 0.57
Freq -0.57 0.62
Age 0.04 -0.38

1.00
-0.82
-0.61
-0.63
-0.22
-0.20
-0.25
-0.23
-0.25
-0.43
-0.26

1.00
0.78
0.81
0.20
0.29
031
0.28
0.27
0.54
0.08

1.00
0.99
0.31
0.48
0.43
0.36
0.39
0.59

1.00
0.26
0.49
0.39
0.32
0.35
0.59

-0.19 -0.15

1.00
0.21
0.73
0.87
0.97
0.52
-0.04

1.00
0.50
0.33
0.37
0.42
-0.18

1.00

0.86 1.00

0.84 095 1.00

0.52 0.58 0.59
-0.10 -0.01 -0.05

1.00
-0.27 1.00

Gravel: gravel to soil ratio; SOC,,,,: SOC content for 0-5 cm depth; Sand: proportion of sand; Clay:
proportion of clay; SOCg.: SOC stock of fine earth (< 2 mm); SOC, - SOC stock calculated by a hybrid
method; BC: coverage of black crust; Li: coverage of lichen; Bryo: coverage of bryophyte; VP: coverage
of vascular plant; TotCov: the sum of coverage of black crust, lichen, bryophyte, and vascular plant; Freq:
sum of each plant frequency; Age: years since deglaciation

8 r=0.59 (p < 0.001)
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3Z7HA 8] A= E o83t Ward WS Sl #2® A4 59 classification Y 23, F 6
Mol FY~x2 FEIJT. I 2 F Y29 gravity centers} HA AHYE VFoE AFE
9] classE AAsATHIH 1-25).

Profi des classes

6 =R Cll:9oce JIF275%

Cli:5oea /15132%:
Clé:5ooe /13153%
Cl4:5 pea /7 9091%

Clidooe /P00 %

Clé:8oce /24 H3%

. v2
v2 V2 2
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L
vZ
5 v2 WD
v o 1>
2 5 i2 P 1
82 W2 S Vo 8, -
g A = W - rh T
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%% Tﬁgf@ ¥ viks
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‘._3 V4
a7 1-25. BAo) olgd RE E9 W A& 27 WEEQ factorial space (1, 25 5
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Pleiade®} DEMOo.2H¥ 1771¢ 374
methodS o] &3] zF Ao ZPy~=

True \ Modelled 1 2 3 4 5 6 Total % correct
1 8 1 9 88.89%

2 5 5 100.00%

3 5 5 100.00%

4 2 1 3 66.67%

5 3 3 100.00%

6 2 6 8 75.00%

Total 10 5 5 2 4 7 33 87.88%

a9 1-28 &4 ARE 283 WeFEAS9e 2 A4 B confusion matrixE &
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3704 line transect sampling(50mzt4)E E3l F 42719 2T EY ARE AT 16S
amplicon sequencing®l] °o]-&3tth 181 EY 54 £4& 8 AAS 27 A" T &5
(D1, 0-5cm) A15E EY WEA 5 &4l o] &3stAth (19 1-6.)

U WetsE A7)el] mE ES Al 1% g v dE 24
MiSeq 16S amplicon sequencings ©]-83F E<F Alit 3 E423 F 540,323719] AAH
A7IMLEES Aoy, 97% F71d FAFES 483 OTU(operational taxonomic unit) %+
A= F 14,023 OTUs7}F oAt}

MZ AAHo=r  F 34709  Alxt phylumo] #<lElom,  Proteobacteria(31.0%),
Acidobacteria(14.2%), Actinobacteria(12.7%)7} 7} —rd st Ao 2 YElyo(ad 1-30). 2t
phylumE9] Aol WIFHA 717t AAAd S FH RS w Acidobacteria®l Aol =
= WS EA 7] wep At HESs B aL(P=0.003), v = Chloroflexi®] 74§ S 7tst
= AES RATHP<0.001) (g 1-31).

>

Acidobacteria®l -t olE£9 FEFet EG pHotel =& Fdydel 7Sl wol Bad
WaFH 7 Ay el grd B pH7} Acidobacteria®l Zol=s Aol F 29U A
o2 #A¥El Chloroflexi®l 4% B sheb AadAZE 24 Sa(r=0.23, P>0.05), o
2 Al phylumEed] H&) ol&9 A g

e WEH Wit o) 5el

oz
=)
H
-

=)
(=N —]
- O unclassified
W others
o O Firmicutes
- 0 @ T™M7
= B Gemmatimonadetes
E . B Deltaproteobacteria
e o _| B Gammaproteobacteria
2 © @ Chloroflexi
c O Verrucomicrobia
e @ Planctomycetes
T o O Betaproteobacteria
_g = @ Bacteroidetes
© @ Cyanobacteria
© @ Actinobacteria
x < B Acidobacteria
@ Alphaproteobacteria
o -

—

Time since glacier retreat

Y 1-30. WekFEA7]el W phylum MM o] Alxt o= W3t
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F1-9. 407 EY AEES U oz 3 shotgun metagenome @714 E A 23}

Sample Total Bases Read Count
ML-6 1,960,586,548 19,411,748
ML-10 1,836,023,046 18,178,446
ML-20 2,518,226,738 24,932,938
ML-25 884,226,316 8,754,716
ML-25A 1,372,534,450 13,589,450
ML-26 2,490,619,802 24,659,602
ML-30 1,297,421,558 12,845,758
ML-34 1,411,310,168 13,973,368
ML-37 1,377,273,774 13,636,374
ML-37A 1,217,349,768 12,052,968
ML-38 1,678,814,526 16,621,926
ML-39 1,515,622,160 15,006,160
ML-41 1,052,916,314 10,424,914
ML-42 2,180,307,200 21,587,200
ML-43 2,008,855,660 19,889,660
ML-44 1,346,360,906 13,330,306
ML-45 1,930,712,162 19,115,962
ML-46 1,415,264,116 14,012,516
ML-47 1,625,385,930 16,092,930
ML-47A 1,493,648,196 14,788,596
ML-48 1,425,443,300 14,113,300
ML-49 2,140,140,308 21,189,508
ML-50 1,017,636,610 10,075,610
ML-60 1,296,524,880 12,836,880
ML-62 1,979,718,170 19,601,170
ML-66 2,043,895,792 20,236,592
ML-71 1,513,343,802 14,983,602
ML-81 1,560,368,998 15,449,198
ML-84 1,833,638,032 18,154,832
ML-102 1,494,578,002 14,797,802
ML-103 2,298,235,608 22,754,808
ML-120 2,420,261,788 23,962,988
ML-124 2,010,959,288 19,910,488
ML-132 2,353,903,172 23,305,972
ML-138 2,081,397,900 20,607,900
ML-157 2,047,343,528 20,270,728
ML-170 2,363,192,546 23,397,946
ML-182 1,806,725,774 17,888,374
ML-191 1,226,392,904 12,142,504
ML-301 2,456,829,848 24,325,048

AR YRG REoz Qs ArMA BA

flo

*F AN AES F Skl T 2 AE
[e)
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L < Wil Sogoain 1000
Trirmdirm St 1008 Emsemblance: 517 Bray Curts simarty
7 Brwp Curim samis
Flesemblanos. 517 Bray Curis smiwfy e R

20 Strews 000 Age A 1972 & 1942
4 1931 # 1570 A 1934 & 1929
w 1937 @ 1033 1951 4 1961
1941 + 1978 & 1926 % 1983
2008 & 1942 0 1528 & 1978 + 1930
= @ 1944 | 1977 + 1950 & 1957
157028 " -+ 1850 A 1953 » 1986 7 181
I;?D rEE X yms  qgyg 1948 1948 % 1949 7 1950 198 w2 * 1955 0 1337
13 L ;‘& iR . 1% 50 * 1930 O 1:2 —_— 11’%19 Hﬁgsz L 1969 ¢ 1943
G- 153118 ¥ 1934 & 1 .942 L2 ﬁg 7 1370 G 1877
1851 192 g e gese {5a? v 1952 O 1829 1651 © e 8ok 134333 |93%“95” 2 1843 4 1933
e a3 . o 1968 17 H Teed A1 —_— 1o33 T12 ‘W *‘355(969 1952 ¥ 1841
' 1544 1952 . 2 T 162 \ * 01390 m 159
s © 1965 m 2008 ! " A 1965 & 1944
1569 v & 1943 ¢ 1860 1960 @ 1979
5 ¢ 1961 @ 1979 W 1948 4 2006
1872 m 951 + 1872
Taxonomic composition Functional composition

29 1-35. Wetf-EHol mE A F A% e 4 Wt

whoBEal ek FEAY B A £ B4

1709 transect(137] A4), A 3w o= AMEHo] olFx] F 38N 2T EY A=
(0-5cm Z o) AFsATHE 1-36). ALI-ALY A= xS & 1000 d 2] W55 A7)0

5702l Az tAo® o] o] F)HUH0-3, 22-35, 35-41, 46-64, 64-92\d). Hto o] F
o7 WaFH A gute] BluE Yl glacier moraine H7Z =, 237 (Little Ice Age)o] Aol
FAE Aol A 4709 AZE(ALI0-AL13)S A F 3k eHEE 1-10).
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E 1510 W WS FHAY AEY Aole L £ BUsey 54

Soil  Ratio of fine Gravimetric

. Glacier retreat 5 : Elevatio EC TC S0C :
Site priind Latitude Longitude B te:r?p(p;uca\)m earﬂlnz)zmm g g;;}e}m ; pH (WS cmly (mzg’) (megl (mzgl C/N ratio
ALl 2000-2012  78.88614 12.1640 1167 037  302(1.7) 206(1.6) 7.00(0.06) 287.7(5.1) 83(03) 2.8(0.5) 0.01(0.00)403 (10.0)
AL2 78.88800 12.16836 085 587 522(202) 18.6(L.7) 7.04(0.00) 2178(72.0) 72(2.0) 32(0.8) 0.01(0.00) 45.0(7.0)
AL3 1977-1990  78.88866 12.1705 90.2 589 498(14.0) 163(1.9) 789(002) 2437(403) 62(09) 28(03) 0.01(0.00) 29.0(1.5)
AL4 78.88068 12.17209 773 614 414(93) 60(0.3) 7.91(0.06) 1859(71.6) 6.1(1.3) 1705 0.01(001) 25.6(49)
ALS 1971-1077  78.8013 12.16973 720 6.91 643 (1.6) 12.1(1.3) 750 (0.07) 3247 (57.7y 7.7(1.0) 3.5(0.6) 0.01(0.00) 313 (53.4)
ALG 1048-1066 78.89143 12.17874 835 7.15 55.0(3.2) 13.0(1.7) 745(0.05) 3147(12.7) 96(1.8) 6.2(1.4) 0.02(0.01) 31.5(3.6)
AL7 78.8040 1217358 530 581  S0.7(182) 194(2.1) 745(0.05) 2873(195) 01(0.6) 49(0.9) 0.01(0.00) 40.8(72)
ALS8 1020-1048 78.80712 1217445 355 698  56.0{352) 133(1.3) 743 (0.09) 2587(33.5) 93(0.8) S.1{14) 0.02(0.02)38.6(104)
ALY 78.80854 12.16041 362 775 034075y B3(8.0) T48(0.12) 1930(038) 84(03) 42(02) 0.01(0.01)345(10.1)
AL10 780002 12.15962 208 738 709(10.5) 16.7(1.3) 6.75(0.22) 234.8(04.0) 62.3(23.0) 62.0(24.1) 0.46 (0.15) 132(1.1)

ALl BeforeLittle 7800007 121616 133 743 040(7.1) 282(152) 720(0.11) 2670(76.0) 269(76) 23.6(82) 0.24(028) 213(37)
ALL2 Ice Age  78.90104 12.16734 59 700 654(299) 72(1.8) 7.34(0.08) 187.9(63.3) 21.6 (11.3) 18.1(11.9) 0.11(0.09) 17.3 (3.0)
AL13 78.90201 1216155 148 739 732(26.7) 10.2(7.8) 7.02 (0.06) 224.3 (50.1) 23.4 (16.2) 223 (16.6) 022 (0.04) 13.2(1.6)

#* Triplicate measurements are represented s mean (standard deviation)
EC. electrical conductivity; TC, total carben; 50C, =oil organic carbon; TH, total nitrogen

16S amplicon sequencings ©]&3F E Al 3 EAZAY 38/ MZEHE F 36247709
AAE QA7IMEES Ao, 97% A7IME |

unit) el A= F 9296 OTUs7F dojA ).

AZE AAFowr  F 34709l Alit phylumeo] ¥ oW, Proteobacteria(41.7%),
Acidobacteria(11.8%), Bacteroidetes(8.9%), Actinobacteria(8.0%), Chloroflexi(6.6%)7} 7F& $-
Aote Aoz Yeiwti(ad 1-37). ZF phylumE9 Aul=a9t ®SFEA 7Y dad S
A9 B kS o Acidobacteria®t Chloroflexi®] AlE4E Z7lsts 23S H Y tHPearson’s
r=0.87, P<0.001; r=0.53, P<0.001). ¥+ Bacteroidetes2} Betaproteobacteria®] At =4+ 3}
FE 7 A wep AasE gHs 2o (=-0.64, P<0.001; r=-048, P<0.001) (¥

1-38).
|AL1| AL2 | AL3 | AL4 | AL5 | AL6 | AL7 | AL8B | AL9 | AL10 | AL11 | AL12 | AL13 |

op

3 OTU (operational taxonomic

100
J

Unclassified
Others

GNO02

™7
Armatimonadetes
Elusimicrobia
Verrucomicrobia
oD1

Firmicutes
Nitrospirae
Gemmatimonadetes
Bacteroidetes
Chloroflexi
Planctomycetes
Cyancbacteria
Actinobacteria
Acidobacteria
Proteobacteria

40 60 80
1 1

Relative abundance (%)

20
|
BEEIREORNODEOERNEEDOBEOE

Successional time

¥ 1-37. sk Adl wE Al phylum % 9 8}
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19 1-41. @ Sverrefjellet @Halvdanpiggen @ De geerbukta @ thAila}3s}l7] %]
® Kapp starostin ® Kapp gnaloden hornsund
Sy AANEE U 22 AAYAGS AXT(2H1-42).
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6709 AaolM 7502 F 35709 GAANEE FREYTHEL-).

£ 1-11. 20149 GHAE B2

No.

sample

Locality

GPS

Lithology

L1

Spitsbergen-Sverrefjellt (volcanic)

N79°26.225
E013°20.390

I 5:77m

mentle

xenolith

L-2

Spitsbergen-Sverrefjellt (volcanic)

N79°26.225
E013°20.390

3 %:77m

dolomite

L-3

Spitsbergen-Sverrefjellt (volcanic)

N79°26.177
E013°20.234

31 5:96m

mentle

xenolith

L4

Spitsbergen-Sverrefjellt (volcanic)

N79°26.170
E013°20.265

21 5:100m

dolomite

L-5

Spitsbergen-Sverrefjellt (volcanic)

N79°26.261
E013°20.512

a1 5:66m

mentle

xenolith

Spitsbergen-Sverrefjellt (volcanic)

N79°26.261
E013°20.512

31 5:66m

dolomite

L-7

Spitsbergen-Troll spring

N79°23.302
E013°26.386

A 5:27m

travertine

L-8

Spitsbergen-Troll spring

N79°23.305
E013°26.388

31 %:35m

travertine

L9

Spitsbergen-Troll spring

N79°23.308
E013°26.431

2 5:34m

travertine

10

Spitsbergen-Troll spring

N79°23.309
E013°26.469

21 5:32m

travertine

11

Spitsbergen-Troll spring

N79°23.308
E013°26.513

a1 5:28m

travertine

12

L-12

Spitsbergen-Troll spring

N79°23.314'
E013°26.569

1 5:23m

travertine

13

L-13

Spitsbergen-Troll spring

N79°23.316'
E013°26.615

2 5:20m

travertine

14

L-14

Spitsbergen-Troll spring

N79°23.316'
E013°26.622

31 %:19m

travertine

15

L-15

Spitsbergen-Troll spring

N79°23.320
E013°26.595

21 5:20m

travertine

16

Spitsbergen-De geerbukta

N79°35.302
E017°44.483

21 5:20m

limestone

17

Spitsbergen-De geerbukta

N79°35.296
E017°44.596

1 5:12m

limestone
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18

L-18

Spitsbergen-De geerbukta

N79°35.213
E017°44.669

A 5:14m

limestone

19

L-19

Spitsbergen-De geerbukta

N79°35.041
E017°44.552

I 5:11m

limestone

20

L-20

Spitsbergen-Kapp gnaloden hornsund

N77°01.254'
E015°53.659

1 5:10m

limestone

21

L-21

Spitsbergen-Kapp gnaloden hornsund

N77°01.341
E015°52.903

31 5:227m

limestone

22

L-22

Spitsbergen-Halvdanpiggen woodfjord

N78°05.257
E013°48.178

21 5:778m

sandstone

23

L-23

Spitsbergen-Halvdanpiggen woodfjord

N79°23.297
E013°37.907

2 5:771m

basalt

24

L-24

Spitsbergen-Halvdanpiggen woodfjord

N79°23.297
E013°37.907

I 5.771m

basalt with
MX

25

L-25

Spitsbergen-Halvdanpiggen woodfjord

N79°23.297
E013°37.907

2 5E:771m

basalt with
MX

26

DS-1

Dasan Station-southeast

N78°55.093
E011°56.966

I 5:0m

sandstone

27

DS-2

Dasan Station-southeast

N78°54.969
E011°58.458"

31 5%:10m

chert

28

DS-3

Dasan Station-Stupbekken

N78°57.312
E011°41.201"

2 5:63m

limestone

29

DS-4

Dasan Station-Stupbekken

N78°57.251
E011°41.168"

21 5:123m

dolomite

30

DS-5

Dasan Station-Stupbekken

N78°57.23%
E011°41.084

1 5:128m

dolomite

31

DS-6

Dasan Station-Stupbekken

N78°57.146'
E011°41.124’

31 5:180m

chert

32

DS-7

Dasan Station-Strypbekken

N78°56.320°
E011°41.935

31 5:227m

dolomite

33

DS-8

Dasan Station-Strypbekken

N78°56.254'
E011°41.838’

31 5:235m

limestone

34

DS-9

Dasan Station-Scheteligfjellet

N78°57.192
E011°41.090

a1 5%:163m

limestone

35

DSs-10

Dasan Station-Scheteligfjellet

N78°57.166
E011°41.354"

21 5:168m

chert
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OTU dlo]EE o] &3 vte g o} PCO(Principal coordinates) #2413 A3(29 1-47), A2 3+
= e

dol A A AlE7)E IS olFv AdE EAAth
Troll_source
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&
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% o0 A
= DS.SE2 Troll_mid_3
@ B
3
3 Troll_mid_1 &
Troll_mid
3 -20 + DS.stu s
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m

100%

90%
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50%

40%

m {

20%

- ]

Ds1 Ds2 DS10 L7 L11 L13

W Ascomycota; Dothideomycetes ® Ascomycota;Eurotiomycetes | Ascomycota;Lecanoromycetes
W Ascomycota;Leotiomycetes B Ascomycota;Pezizomycetes B Ascomycota;Saccharomycetes
B Ascomycota;Sordariomycetes m Ascomycota;Taphrinomycetes ® Ascomycota;unclassified
B Ascomycota;unclassified_Ascomycota m Basidiomycota;Agaricomycetes u Basidiomycota;Exobasidiomycetes
® Basidiomycota;Microbotryomycetes  m Basidiomycota; Tremellomycetes » Basidiomycota;Ustilaginomycetes
® Basidiomycota;unclassified B Chytridiomycota;Chytridiomycetes @ Chytridiomycota;unclassified

Fungi_incertae_sedis;Zygomycota_incertae_sedis  » unclassified;unclassified

a9 1-49. &A1 A8 A(class) Tl e d R/ A TE

OTU do]HE o] &3t F3#o] PCO(Principal coordinates) #2413+ A3 (¥ 1-50), A2 3+7

of MR 94 Alm

X

Y IFS olF= ZA34E BT

60
/. Sandstone
v Chert DS.SE

40-+ |1 Limestone A
by DS.SE
E & Travertine A
)
T
% 20T
>
w®
:5- 0+ DS:stu pg oty
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(=] ‘ v ‘
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s 20+
o
O
o

40+ Troll_Source

&

'60 =] 1 | 1 | | |

-60 -40 -20 0 20 40 60
PCO1 (32% of total variation)

19 1-50. ¢tAl #F OTU dlolg 7]¥F PCO #4
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19 1-51. @O Stupbekken 3} @ Stupbekken 2 @ scheteligfijellet @ ThAF3}S}7] A

b 20149 AAE 2% doly X & iButton 4 % "olg #4
139720143 89~ 2015 89) A3 2= w29o] 7|4 AT A= 2r9f v EA e
Ak(29¥ 1-52)

@

- 72z
— gz esl
— gHym sl

8 8 10 1 12 1 2 3 4 5 ] 4 month

(b) |Weather statistics for Ny-Alesund sopusssone—mmstaots - D
| Sep Oet How Dee Jan Fab Mae Apr May Jun e Aug

GLltihkandag

hiGRaanqanad
e oA et -1t

e
from Norwegian Meteorological institute
19 1-52. (a) iButton®l] 7]1&% &% (b) 2014-2015d Ud<& =5 9 7HA folH
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3ol gaolA 4%, F 33N FAANRE 0 F AANACHE 1-12),

F 1-12. 20159 4N E 55

sample Locality Lithology
D-1 N78°57.299" E011°41.286" 31 %=73m dolomitic limestone
D-2 N78°57.273" E011°41.308’ 311 %=83m dolomitic limestone
D-3 N78°57.274" E011°41.286" 11 %=83m dolomitic limestone
D4 N78°57.276" E011°41.258" 11 =86m dolomitic limestone
D-5 N78°57.278 E011°41.232" 11 %=88m dolomitic limestone
D-6 N78°57.275" E011°41.361" 1. %=30m dolomitic limestone
D-7 stupbekken 3} | N78°57.278 E(011°41.326' 11 %=80m dolomitic limestone
D-8 N78°57.282" E011°41.269" 11 %=82m dolostone
D-9 N78°57.289" E011°41.239" 31 %=83m dolomitic limestone
D-10 N78°57.289" E011°41.239" 31 %=83m dolomitic limestone
D-11 N78°57.316" E011°41.272' 31 %=71m limestone
D-12 N78°57.318" E011°41.310" 1L =68m limestone
D-13 N78°57.317" E011°41.309' 31 %=72m dolomitic limestone
D-14 N78°57.141" E011°41.137'315=176m dolomitic limestone
D-15 N78°57.133" E011°41.153' 1L %=179m dolomitic limestone
D-16 N78°57.133" E011°41.127" 31 5%179m dolomitic limestone
D-17 N78°57.136" E011°41.099' 1L %=179m dolomitic limestone
D-18 N78°57.141" E011°41.060" 1. %=178m dolomitic limestone
stupbekken &%
D-19 N78°57.147" E011°41.069’ 11 %=175m dolostone
D-20 N78°57.144" E011°41.117' 31 %=176m dolostone
D-21 N78°57.138" E011°41.160' 32 %176m sandstone
D-22 N78°57.136" E011°41.186" 1. 5177m dolomitic limestone
D-23 N78°57.134" E011°41.218 31 %178m dolomitic limestone
D-24 N78°55.683" E011°46.366" 1L %=99m dolomitic limestone
D-25 N78°55.682" E011°46.317’ 31 %-105m dolomitic limestone
D-26 N78°55.681" E011°46.303" 32 %:=106m dolomitic limestone
D-27 N78°55.679" E011°46.307" 11 =106m dolomitic limestone
D-28 N78°55.658" E011°46.285" 11 =103m dolomitic limestone
D-29 | scheteligfiellet | Nzgoss 675 E011°46.353 11 100m dolomitic limestone
D-30 N78°55.692" E011°46.341" 11 %=102m dolomitic limestone
D-31 N78°55.701" E011°46.316" 11 %=104m dolomitic limestone
D-32 N78°55.691" E011°46.415 31 %=95m dolomitic limestone
D-33 N78°55.677" E011°46.409" 11 X=93m dolomitic limestone
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HOBO set 1 . HOBO set2
N 78 57.299 E 011 41.286 altitude 73m \ 78 57,

13 1-54. (a) HOBO logger set (b) HOBO logger A A% (c) A X% HOBO #H]
A AA U E A HE Ko B

ST El A B e A% Hel drE el g drel 43d A9 gasn

(29 1-55).
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Kapp Glaarud
§

Agss

7 ||
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a9 1-56. @ vpAkyelr)x] =8 @ Strypbekken, Stupbekken, Scheteligfjellet
@ Midtre-Lovénbreen W3} ¥

E 1-13. 20169 A E HEF

sample Locality Lithology
1 Stupbekken N 78°57.141" E 011°41.137" 31 %176m Limestone
2 Scheteligfjellet N 78°55.932" E 011°46.270" 1% 81m Limestone
3 Stuphallet N 78°57.297" E 011°35.829° il% 183m Limestone
4 Stupbekken-Stuphallet | N 78°56.908" E 011°38.486" 1% 210m Sandstone
5 N 78°55.866" E 011°46.407" 1% 82m Limestone
6 N 78°55.868" E 011°46.432" 1% 80m Limestone
7 N 78°55.944" E 011°46.193" 1l%= 84m Limestone
Scheteligfjellet
8 N 78°56.011" E 011°45.901" 2% 94m Sandstone
9 N 78°55.953" E 011°46.071" il%= 90m Sandstone
10 N 78°55.922" E 011°46.292" 1% 85m Sandstone
11 N 78°54.074" E 012°05.671" 1% 31m Limestone
12 N 78°53.807" E 012°05.368" 1% 51m Limestone
Midtre-Lovénbreen
13 N 78°53.796" E 012°05.465" 1% 51m Limestone
14 N 78°53.765" E 012°05.448" 1% 54m Limestone
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2t 27 dlolE 4 -& HOBO logger 7 2 dHolH 5

2015 82720161 8d7bA 1Azt Ay A e il &, WlsE, 49, dAaEdE BouE &
T HolHE 53t (14 1-57).

AFAGY A HA 7] 25+ 2295, Ha Oi7] 255 186%, Hd FdlFEE 100%,
HA AAFEs 452%, FHil PARS 2553uE, #A PARS 12uE, # i solar radiation<
1,053W/m?, & A solar radiation& 0.6W/m*> it}

THE B4 HolHE ntgoR JMuAE Lo ofd P84T T
of| A o] o},

LRI

ftlo
M
ok

30 71 3000 100 1200 =— Temp, T
- RH, %
- PAR, uE
20 1 2500 0 1000 = Solar Radiation, W/m?
10 { 2000 H 800
60
0 1 1500 600
10
—=10 {1 1000 - 400
20
-20 1 500 200
=30 0
i 0

2015. 07.01 i 2016. 01.01 2016. 07.01

18 1-57. Stupbekken Aol A 137 7125 374 dlolg X

. opA ) A AR Ry PR Ay

20140 53 okAA 5o ARS X-ray fluorescence spectrometry &H| S o] &8 A8}
Fom, FAA Wl Mantel testE o] &3l A Aol Aol EAstE WAE Y

Zof] JFE v A=A FASATHE 1-14).
kg gl o}l oA+ Si, Al Fe, Na, Mg, P, K, Ca, Ti ¢ #Z2 oA XHEE0°] Actinobacteria,
Bacteroidetes, Chloroflexi, Cyanobacteria, Proteobacteria phylumol| Al 2] gt d& H o 330
T ol A= Si¢t Cav Sordariomycetes, Fe®t Nax Eurotiomycetes, Mg Lecanoromycetes, P+
Full communityoll Al f2lgt d3&& B
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A

Mantel test based on Spearman's rank correlation®

Bacterial Phyla
SiOQ A1203 F6203 NaZO MgO P205 Kzo CaO TiOQ MnO

Full community 0.36 0.39 0.41 0.29 0.57 0.47 0.39 0.42 0.41 0.10
Acidobacteria 0.05 0.23 0.05 0.02 0.32 0.04 0.23 0.05 0.13 0.06
Actinobacteria 0.31 0.39 0.37 0.16 0.44 0.37 0.37 0.40 0.36 0.05
Bacteroidetes 0.36 0.39 0.41 0.29 0.57 0.47 0.39 0.42 0.41 0.10
Chloroflexi 0.35 0.10 0.30 0.23 0.32 0.45 0.09 0.33 0.24 0.13
Cyanobacteria 0.27 0.52 0.65 0.34 0.62 0.63 0.53 0.26 0.68 0.37
Proteobacteria 0.36 0.47 0.55 0.49 0.76 0.62 0.48 0.35 0.59 0.30

Mantel test based on Spearman's rank correlation?

Fungal Classes
SIOZ Aleg F6203 NaQO MgO P205 KQO CaO TiOZ MnO

Full community -0.01 0.46 0.80 0.55 0.59 0.66 0.46 —-0.03 0.46 0.24
Dothideomycetes -0.39 | -0.15 | =0.30 | =0.12 | —=0.30 | —0.13 | —=0.15 | —=0.25 | —0.12 | —0.19
Eurotiomycetes -0.23 0.35 0.63 0.72 0.41 0.49 0.35 -0.17 | 0.37 0.48

Lecanoromycetes 0.23 0.38 0.51 0.43 0.78 0.28 0.38 0.20 0.38 0.41

Leotiomycetes -0.14 | -0.08 | =0.30 | —=0.25 | —=0.38 | =0.12 | —0.08 | =0.01 | —0.04 | -0.01

Sordariomycetes 0.51 —-0.47 | =0.46 | =0.60 | —0.69 0.08 —-0.47 | 053 | -0.47 | =0.59

Fele uaAt 9t A s w5

== A , Az FA &)l =4
S 5ol mAEdA EE U Addn EAsE dv nAEAx] dotry] & A%
A FARAE A AT

=4 A 5 T 7 @o] wrAE = OTU sequence A% 370E NCBI database
of AMet] 7H FAB/AE =2 T& ARt 2 Fol BEE AR} AR FRE HN
skelth

O A3 dtElgol el tREE 9, Exa nAAY, 29ds, w2l HFX ddA
wHE T3 FAWAVE 22 Ao® YEwon, oA AFA g dAm =] AL, A
Z3 SA el F2 A5t v ol Folgte A & AAHGE 1-15).

3o doll = g Hopwlelrt HXY, Ee, gl 2T} ololEwE A HoA EH F
S FABAE =2 AoE yEyon oA AFH ] EAckE aBolR e AL, Ax
gt B SolAor EAstE FERE TAHY des ¢ F AATGE 1-16)
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F 1-16. oA mAE AT FAdA 4 (EH ok )

Antarctic
DS1_05 8.52 Uncultured  actinobacterium/EU931059 98.4 Dry Valley,
mineral soils
Antarctic
Sandstone DS1_11 6.38 Uncultured acidobacteria/FJ895045 98.4 Dry Valley,
mineral soils
Antarctic
DS1_18 6.34 Uncultured  bacterium/HQ197614 97.5 Miers Valley,
quartz rocks
Uncultured  Acetobact Arctic
DS2_04 6.92 newttured - fcetobacteraceas 97.0  Ny-Alesund,
bacterium/AM940870 .
glacier
. . Antarctic
Sandstone DS2_05 4.76 Uncultured actinobacterium/KJ849444 98.2 i
soi
Icelandic
DS2_26 3.94 Uncultured  bacterium/GU219533 97.2 volcanic
glasses
Antarctic
DS3_19 5.87 Uncultured  bacterium/HQ197559 98.7 Dry Valleys,
quartz rocks
Antarctic
. Uncultured  alpha
Limestone DS3_15 3.37 . 97.5 Dry Valleys,
J proteobacterium/FJ490246
| ¥ U \ N rock
| Antarctica
DS3_28 2.79 Uncultured  actinobacterium/FN811249 97.7 Alexander
T 104 1 A Island, soil
Arctic
DS10_03 21.88 Uncultured  bacterium/JX258090 97.7 thermal
spring, rock
Arctic
Chert Uncultured  Acetobacteraceae
DS10_04 13.99 . 97.0 Ny—Alesund,
bacterium/AM940870 ]
glacier
Uncultured endolithic Switzerland,
DS10_15 6.71 . 98.1
bacterium/AB473921 central Alps
Antarctic
L7_10 14.68 Arthrobacter sp./KP756677 97.7 Victoria Land,
stone
- .. Greenland,
Granite L7_44 3.57 Nocardioides sp./KF974316 97.3 .
sol
Antarctic
L7_13 2.08 Arthrobacter sp./KP717965 97.5 Dry Valley,
rocks
) Antarctic
L10_01 9.35 Uncultured cyanobacterium/KM112123 97.0 . .
microbial mat
Arctic
L10_16 6.48 Uncultured  bacterium/JX258070 97.5 thermal
spring, rock
T ) Antarctic
ravertine L10_02 5.53 Uncultured  Deinococcus sp./FI895047 97.4 Dry Valleys,
soil
Antarctic
L11_02 8.22 Uncultured  Deinococcus sp./FJ895048 97.4 Dry Valleys,
soil
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Basalt

L11_06

L1101

L12_02

L12_08

L12_01

L15_14

L15_23

L15_09

L23_13

L23_17

L23_07

7.78

9.55

8.61

7.56

9.76

6.92

2.91

11.70

10.51

7.03

Uncultured

Uncultured

Uncultured

Uncultured

Uncultured

Uncultured

cyanobacterium/DQ181690

cyanobacterium/KM112123

Deinococcus sp./FJ895047

cyanobacterium/HE860791

cyanobacterium/KM112123

bacterium/KM120111

Sporosarcina sp./GU047418

Uncultured

Sphingomonadaceae

bacterium/HE860905

Arthrobacter sp./KP756683

Uncultured

Nocardioidaceae

bacterium/HE861127

Uncultured

bacterium/JX098493

97.2

96.8

97.4

97.9

97.0

97.5

97.8

98.4

97.7

97.7

98.2

Antarctic

Rauer Islands
Antarctic

microbial mat
Antarctic
Dry Valleys,
soil
Norway,
cold desert,
soil
Antarctic

microbial mat
Argentina,

rock (pumice)
Arctic

permafrost
soil
Norway,
cold desert,
soil
Antarctic
Victoria Land,

stone
Norway,
cold desert,
soil
Atacama

desert, soils
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& 1-16.

A VB AT FABA B4 (FFo

Sandstone = DS1_04 24.8 Ramalina terebrata/EU161239 96.1 Antarctica, lichen
DS1.05 215 Uncultured fungus/KC965830 96.1  horth American Aretic,
Sphaerophorus . .
DS1_06 11.8 2lobosus/EF489917 94.9 Antarctica, lichen
Sandstone = DS2_02 91.0 Uncultured fungus/KC965541 95.7 ?&{th American Arctic,
DS2_10 15 Uncultured fungus/KC965931 g7.3  North American Arctic,
DS2_31 1.1 Dothideomycetes/JQ760107 95.1 Alaska, rock
Limestone DS3_01 84.1 Verrucaria sp./FJ664858 98.2 Iceland, rock
DS3_08 5.5 Chaetothyriales/KT263133 96.0 Austria, alpine rock
DS3_12 2.6 Thamnogalla crombiei/KI559557 93.2 Iceland
Limestone DS10_01 45.5 Verrucaria margacea/KM243204 97.6 Norway, rock
DS10_03 39.6  Uncultured fungus/KC965115 93.5 ~ horth American Aretic,
DS10_20 2.3 Placopsis 95.7 Antarctic lichen
- : contortuplicata/EF489925 :
Travertine L7_14 38.6 Tetracladium sp./AB752249 98.5 Antarctic
L7_27 16.9 Leotiomycetes sp./JJQ759612 97.6 Alaska, rock
L7_42 4.8 Helotiales/JX852415 96.7 Antarctic bryophytes
Travertine  L11_07 700~ [olycauliona 94.9  Iceland
- : verruculifera/JQ301564 )
L1101 185  Uncultured fungus/KC966368 9g.5  horth American Aretic,
L1110 1.7 Uncultured fungus/KF296796 9g.g  horth American Arctic,
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LW 55 A v-Eg 874 mE agdT 5
P FGRAE FEH Al EF olusEa FHs BE

Foayel 5 Aol £ Bl Ju(EF 54 L £71% FF $)9h 44 Aust §

Aol ZAME A 9SS mEste] Al /le] WA (transect) S A3Fa, 2 transectol A 54 % (M1
1-1, 1-2, 1-3, 1-4, 1-5; M3: 3-1, 3-2, 3-3, 3-4, 3-5) T+ 7XHM2: 2-0, 2-1, 2-2, 2-3,

2-4, 2-5, 2-6)= A%t W TH nE B olitsle s T o WstE gRlstal )
AT d 2-1).

a9 2-1. sSEASE S5 A9 Al transecte] #5 A A

] Bk 7o £7]&Z(biological soil crust)e] Waxo] ¢l 3} 2
A Ao Frt ddEe] glow 22 dxte] BEFS 5t AT 1‘?’:1 2-2).

-, Wekrh FEsHA Aol %ﬂﬂﬂ‘% S A A EA

T p I [e] 1—1:_
id(stream)oﬂ «10}04 YEd= B AU B sEdel Al oR BAY Solg w9 I

(ripple)& Hol7]% s} th
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® M1 transect
A M2 transect
B M3 transect
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~N % 127 \\ Engelskbukta thrust sheet Nielsenfjellet thrust sheet Kvadehuken thrust sheet
‘p.OOr 0 \ (pre-Devonian basement, fpre -Devonian basement, (pre-Devonian basement,
~ %, _ greenschist facies) lower amphibolite facies) early Carboniferous to
- s ~ Ig{ T ] late’Permian sediments)
79 h Sg Blomstrand- Trondheimfiella thrust sheet D Ny-Alesund thrust sheet ongsfjorden thrust sheet
F e ~ X WL (pre-Devonian basement, re -Devonian basement, &z (Middle Carboniferous to
g > A B’ greenschist facies) /dd(s Carboniferous to ertiary sediments)
> ~ N ! % halvgya Tertiary sediments)
i 2
Bogegga thrust sheet 7] Kieerfiellet thrust sheet Garwoodtoppen thrust sheet
> I]]]] (pre-Devonian basement, 255 (pre-Devonian basement, /// (Late Carboniforous fo
g1 amphibolite facies) liddle Carboniferous to ate Permian sediments)
early Permlan sediments)
' [ o g
1 H o : thrust faults:
yLovéngyane (T Kvadehuken Thrust
9
il g$SI?nq Kizerfiellet Thrust
S X ars Je"e/t [A&] Ny-Alesund Thrust

Zeppelin Thrust
Nielsenfiellet Thrust
[B] Bogegga Thrust
Trondheimfiella Thrust
Engelskbukta Thrust

rfele
,"4)1 \ e\ A A lials { — = T
b K A ) N 137722 e

A7
Eg undeformed foreland AN
- |

27 transport direction A // \
floor thrust of the West 4
-~ V- Spitsbergen Fold-and-Thrust Belt Py
—— - / \
thrust fault // \ Anne
===="= suike-sipiomal fault | & . N 1 : o N kammen
S e
—>¢—>¢— trace of synclinal axis /J \‘U'G \ N Syl B prsl AN P~ S Z
? 5. < 2 < \
SF Scheteligfiellet Fault T S H BU”‘S"TEnqn S ‘w - SN
>
Tertiary (Kongsfjorden/Ny- A = Q Bispesetet ™ N Y
T Alesund thrust sheets) (120 \\\f’e"e‘ P N . Aﬂ\ %

% 3-2 tRIAIFR BEIINEY AAFE2E B AHE AH2E 3o 9% &
HAEHEE FAog FHA¥ o]t (Saalmann and Thiedig, 2002). ABb - Austre
Brgggerbreen, MLb - Midre Lovénbreen, ALb - Austre Lovénbreen, Pb -
Pedersenbreen, Eb - Edithbreen, Sb - Steenbreen.

=R P
w3719 &7

Al e o]l T Mg W BEE VA E S E A
L oA A] 7| A S A
oAbz =] F W19 1] @ 2 Wl (Billefjorden) v, 2@
%

5

T = H
(Gipsdalen) Ll dl(Tempelfjorden) =72 & L}kroi A AQep(z9d 3-3, 1 3-4).
! fiﬂ-ﬂﬁe d =8 e F2ETdU(Orustdalen) =02 o] Fo]x o H7|dgr|Fo 2 A
7 I3
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N
=
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M =
i
a2
I\
rlo
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4
fr
4
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Z2EGAFTE gFe AdI deom o] Fold glow AR Ado] sty
(Fairchild, 1982). M#¥ a2 =F7 9o+ HadallFato] X, ot
(Broggertinden)=, A gl 2] 719 o] 8l (Scheteligfjennet) =, ool 7}l
(Wordiekammen) %, #9771 (Gipshuken)& o2 -4 ¥t}
BIHARNN S HoA g Ak aglal Abolo] 7= ol
o= ol¢t 3 B3 &3 dAE AAREV dHdEn. B
Hirhell A G E Ao A EAT Ade 1y ddFS o] A
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a ) AAE GS/HEEAE HHFoR AT . Yo tise FAE g
AMolgtom o]Folx glom AM3|¢te= dmolgdA] T oZYAY, HETE & HIT
aZA AR oF AME 7} L}E}\/_‘ru} Aozt =e shiel ¥ B e (Mgrebreen)Z 9 2
Aol &Y oY (Tyrrellfjellet) Y 0.2 Fidth & A9 E F=YE7E Bol] 23
H S A3 eke] B A1 ql Hﬂ‘:(Brucebyen Bed)Z A A7} Ao e A vt o] A HFo| M= Edtg
dal(Traudalen) S A Ljstans F223qd W=7 AEHA] ol SAAE thA] AT
a7t Atk AaAse A9y deE 7HAE Hedso® oFox Adn. o F F
o wwA orA Al B Ao FAE Aoz YT HA9 e Y= "
2d&=e FFAeR 28 (Kapp Starostin) =02 FAEHY F7/& HEZo|H, Hid= &
kel stAlo] AbEE = A3 ¢te] vYEdH ABRARFY HEE wEEd vithe] AE
1

=S

o o
ro L

2 A7ke wirkel AEel o wHA%e] Aol e ehun, ol T o
WS o) Tl g A AT

o o o

Lithostratigraphic correlation scheme of the late Paleozoic strata of the Svalbard

Time | Lithostratigraphic units and regional divisions
Poriad‘ipoch Age MalGroup| Serkapp-Horsund ngh‘ Inner Hornsund Trougn| Outer Isfjorden ‘ St. Jonsfjorden Trnughi— Broggerhalveya § Nordfjorden High | Billefjorden Trough ‘ East Spitsbergen
E. TRIASSIC| INDUAN fDAI.HL ‘ VARDEB UKTA Formalkor{ VIKINGHGGEA Formation
Z | CHANGHSINGIAN, ! ! i
2 ' 1
o | WUCHIAPINGIAN 1 1
= = : H
. H P H
z ? 1 i 1
= CAPITAN'ANH e Hovtinden Member : [ Stensisijellet Member
= o i 1
WORDIAN 254 i | 1 s
z| 2 28| TOKROSSBYA
< | 3| ROADIAN g g TECRICET rir T KEAPP STAROSTIN Foymation
= KUNGURIAN |15 i
= L Veringer Member : {q‘ Veringer Member
) =z ? - H — 7
w| £ | ARTINSKIAN —— L 7 -
=
o< 20 H Skansdaldn Member G, Templet Member
g GIPSHUKEN Formation o~ : R ;
0 lch KSON LAND 3 : Kloten Member {4 , Vengeberget Member ‘ Zelpelodden Member
O | SAKMARIAN TRESKELEN 2 Subgroup [ Kiwrfjellat Beds Finlayfjaliet Bads
- Subgroup & : '
Tyrrellfjeilet Memb
ASSELIAN _| = ARESNE COEER i : yrrelifjsiiat Momber
24 WORDIEKAMMEN Formation 13) I "
% | GZHELIAN = ‘ 1 Faltibrsorbeds ?
; Gorritbreen Beds
2 KASMOVIANW o 2 1 Morebreen Member § _Kapitol Member o et seds CAdelIfjeliot Momber
= woscoviai I e o H 2 MINKINFJ ELLETFm|  Pyefelotcass
E 354 HYMEFJELLET Fm | TARNKANTEN Formation ISCHETELIGFJELLET Fi sl Sniy i !
D1 & | BASHKIRAN Hieinen erber BETRELLSKARETF: i TINDEN Fmy (4 emor | Tl o) 1E BRUNFJELLET,
= ! L EBBADALEN Fm Formation
o CHARL=SBREEN HULTBERGET F >
Subgrou m -
P SERPUKHOVIAN group CAMPBELLRYGGEN ==
Subgroup
w i,
('S
= Birger Johnsonfjellet
= E SERGEIJEVFJELLET Formation VEGARDFJELLA Formation \ Member
o F I\
. MUMIEN
m| e VISEAN E \ Formation i
o 3 E HORNSUNDNESET Formation
* o Sporehegda Member
3 7] Wl © Meranfjellet \\ —
= 5 Member s nRIABUKTA ORUSTDALEN Formation Y =
= Julhpgda Formation Hoelbreen Member
= Member
TOURNAISIAN HORBYEBREEN
Haitanna Member Formation Lomfjorden
) ? e Trough
i Triungen Member
LATE
DEVONIAN| FAMENNIAN |—
(Modified from Dallmann, 1999)

Nz e o At AZo] YEh

L2 o A3 FA de gk %
= sulE Adoln 7 gz N2 g2 549 x=o] el (Dallmann et al., 1999).
HE7|HEEo)] gjFels BES HE HAAog FAFNoH, B HuMoA tFEE = FAAES
B
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Stratigraphy Lithology deformation, structural role
Bemlva
&
g |Ny-Alesund >180 m
E S |Fm Leirhau- - open flexural sip folding (sandstones), tight
£| gen oanglamerdes R e e i e
| L Tvill sandstones, shales, coal shales and coal seams:
L == Kongs vainetMb| seams
=) - T
T | fiorden Fm 110m
Kolhaugen Mb |
= |
@ Varde- i local refics; minor influence on the structurs|
z bukta Fm SRm! ek nin geomety
Sc
95 a|Kapp 3 ;
2.8 5 , 90- |cherts, siliciied imestones; brittle fracturng, local biding of glauconitic
E 2 D | Starostin 230 ton: i . 5 sandson
&6 m | tap: glavconitic sandstones ] es
c |2&0 | Fm 3
@
5 Skansdalen g laminated dolomites & mas = weak layers
o Gipshuken 40 - | carbonate breccia and S and detachment horizons
Fm 140 m | faminated dolomites, marls tn’: fracturing, imbrication; local flexural slip
Kloten Mb | g- folding
1
- ! imbrication, fracturing; local 1 Idl
2 | Wordie- ﬁHgF Mib altemation of limestores | | & Eﬂm i prs
— 2 |kammen 290 m | and dolomites containing | thinly bedded Kaarflet Beds (dolamies of
5 Em Ma rem abundant chery nodules | the Tyreelfieliet Member) are important
2 breen Mb detachment horizons
é g-g shales = weak layers of keal importanoe,
] s predominant imestones, flesural folding;
g & E?;'I‘:ttg‘;g 1280' dolomies, infercalated wih | | B imericatin, factring,local flecural sl
2 sandkrasanishsnse [ B8 Lngs?%md inage of thin sandstonesidolomite
= s g
g conglomerates, sandstones, g 3
3] Bregger- 13 - |in upper parts infercalated ‘§' g | fracring, imbrcation (local on a decametric
o tinden Fm 300 m | with imestones and || 8@ | sl
dolomites -
(=T ; |
varous sandsfones and & :
__;‘fg a Srgt": 212050 " | conglomerales, fo the op 2 | only of local importance
5S¢ | dalen Fm 225 m | intercalated with shales g
phyliite, mica schist,
pre-Devonian (Caledonian) e T s fracuing, imbrication, in dolomite marbles
basement middle greenschist fo high ioral texural Sip folding
amphibolife facikes

18 3-4.
Mb - Member.

LRSI

<413 (Saalmann and Thiedig, 2002). Gp - Group, Fm - Formation,

IS

Blomstrand-
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a9 3-6. 7l E22~E@t A A Overview of the Stupbekken section. B, Alternating
red sandstone and mudstone of the Breggertinden Formation. C. Skeletal limestone of the
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Scheteligfjellet Formation. D, Coral limestone of the Scheteligfjellet Formation. E, Lower
part of the Mgrebreen Member.
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Lower Séhé eligfjellet
section

a9 3-8 2EgHAl wi. A Overview of the Strypbekken section. B, Boundary
between Breggertinden and Scheteligfjellet formations. C, Lower part of the Mpgrebreen
Member. D-E, Middle part of the section exposing characteristic alternation of black lime
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mudstone and light dolomudstone. Waterfalls in D are ca. 7 m high. F-G, Laterally
extensive palaeoaplysina buildup in the section, indicating Tyrellfjellet Member. The base is

marked by broken lines.

(3) 2~ ¥ 7 (Stupbekken)
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o B 32 Meetow 74 H T
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Scheteligtieliet Fm,

Breggertinden Fm.

a9 3-9. 2=2FHA @, A Overview of the Stupbekken section. B, Alternating red
sandstone and mudstone of the Broggertinden Formation. C. Skeletal limestone of the
Scheteligfjellet Formation. D, Coral limestone of the Scheteligfjellet Formation. E, Lower
part of the Mgrebreen Member.
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A, Overview of the lower Scheteligfjellet section.
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a3 3-10.
B-C, Mgrebreen Mermber. B, Phylloidal algae boundstone. C, Palaeoaplysina boundstone. D,

Laminated dolomudstone of Tyrellfjellet Member. E, Breccia of the Gipshuken Member.
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Kapp Starostin Fm.

Cipshuken Fifl :

T Gipshugen Em.

TRaie) vy

a9 3-12. A-B, Overview of the upper Scheteligfjellet section. C, The boundary
between Gipshuken and Kapp Starostin formations. D-F, Lithofacies of Gipshuken
Formation. D, Laminated dolomudstone with laminar fenestrae. E, Breccia. F, Fenestral
dolomudstone. G, Siliceous skeletal limestone which is supposed to be an equivalent of the
Varingen Member, which yield characteristic brachiopods fauna (arrows).
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Scheteligfiellet
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Kapp Sta rostin Fm.

T

s — j#GipshuI-:en Fm.
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{measured]
] hﬂewal‘

SFF06~08

a9 3-13. A-B, Overview of the Stollnuten section. Only the lower part of the section
was measured. C, Basal chert bed in Stollnuten section. This bed is composed of greenish
white cherts with black chert nodules. D, Fossiliferous packstone bed with bryozoans
(arrow). E, Dark colored bedded chert bed in the upper part of the measured interval. F,

Lateral view of the Stollnuten section with fossil horizons.
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FolA TR HAY HA87

Siliciclastic facies

Reddish mudstone (Mr) Reddish homogeneous mudstone frequently with | Flood plain
pedogenic structures
Stratified sandstone (Ss) Horizontal or cross stratified sandstone; tabular Fluvial
or trough-cross bedded channel-fill
Massive sandstone (Sm) | Sandstone without distinct sedimentary structures; | Coast
commonly calcareous
Stratified conglomerate Pebbly conglomerate with planar or trough-cross | Fluvial
(Cs) bedding channel-fill
Carbonate and chert facies
Calcareous shale (CS) Homogeneous; greenish gray; thin inter bed Offshore
between limestone beds
Lime mudstone (LM) Homogeneous; nodular texture in part; gray to Deep
black in color latform or
agoon
Skeletal wackestone (Ws) | Bryozoan, green algae, coral, brachiopods floated | Lagoon
in muddy matrix
Skeletal pack-grainstone | Bryozoan, green algae, coral, brachiopods stacked | Shallow
(P-Gs) with certain amounts muddy matrix platform
Skeletal grainstone (Gs) Skeletal fragments without muddy matrix Shallow
latform or
ank
Peloidal grainstone (Gp) Peloidal fragments without muddy matrix Shallow
latform or
ank
Breccia (B) Limestone and dolostone breccia with Dissolution
disorganized fabric; buckled structures in part; collapse
sedimentary structures in matrix breccia
Palaeoaplysina Buildup made by stacking of Palaeoaplysina; Shallow
boundstone (BOpa) muddy matrix marine
buildup
Phylloidal alge Buildup made by stacking of phylloidal algea; Shallow
boundstone (BOph) typical "pockets” of muddy matrix in the curved | marine
surface of the algae buildup
Coral boundstone (BOco) | Large buildup made of combination of rugose Buildup on
coral and chatetids; low relief multithecopora the initially
and aulopora corals flooded
platform
Dolomudstone (DM) Homogeneous light gray dolomudstone with Dolomitized
common chert nodules and layers; remnant of limestone
original allochems observed in part
Laminated dolomudstone | Finely laminated dolomudstone with common Inter- to
(DMI) fenestrae willed with sparry cements supratidal
microbial
laminite
Homogeneous chert Unbedded homogeneous chert; bearing chert Deep cold
(CHh) nodules with different color platform
Bedded chert (CHb) Bedded homogeneous chert; thin to medium Deep cold
bedded platform
Microcodium-overprinted | Various carbonate facies with microcodium Overprint
facies (-M) overprint of
subaerial
exposure
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ol S 7S5 7ol HE 4Rl FF+ spicules, bryozoans, brachiopods, solitary

rugose, colonial rugose, paleoaplysina, chaetetids, trilobite, large foraminifers, mollusc,
echinoderm, auloporid, tubiphyte, ostracods, small foraminifers, phylloid algae, green algae,
red algae, ooids, peloids, oncoids, lithoclasts, dolomite, microcodium, quartz 2] 255 2% 3]
o RS FrmAY wade] gEAe B ARTe] xRHer d5Y nEe &

Ao 2 o] AA &= microcodium, A AAS] /F9E YEM = quartzE A SR
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[Large foraminifer
ol

Tubiphytes

[Tubiphytes
ithoclasts

110m|

suB71

sus70 1 1

suB 69 1 1

100 m|

suBes =] I

suB67

suB 66

Tubiphytes|

L, &3 9]=(oncoid) E A7

(1) &30l=9] ¥ 4 e

230l 7] Aer]-#HE719 Yye7twl F (Wordiekammen Formation)e] &F4-of A
2 HATHIE 3-20). 9] 7 =EF o] A= Stupbekken A 93} Strypbekken A <ol
M Fol=E XA e F oom - F A cm FAY W =(beds)7F HAEHAT Lol =
= 9894 gYdoz ey A Eo| 2 cm TR W A-&F o= (meso-oncoid)9t 2 cm
- 7 cm AF9 vlAZo]= (macroid)7F A E At

a9y 3-20. 2Fo|=

A oA (a) HF WA BLPEe] wA-2so=

2
(Strypbekken A 9ollA] 2+&) (b) BN 9] wjaZo]l= (Stupbekken A oA &) () &
o] 2 wury mjARol=¢} WA-L 0= (Stupbekken A ol A AFS)
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2) &x0l=9 T4 YR

O &% (foraminifera, Palaconubecularia) @ =3.°]= A (cortex)E& ©°lFi Y& T8
AER gh #e] ez vedth g2 32 F/AL wAgolEA W (micritic wall)s 2+
Zo] EAA ol W& WMLl A&F (20-100 pm)S zteth & A&y A4l g a1,
JowA iol=e] vds FATFH(LH 3-21).

a4 3-2L %:61 9] ‘53”] AL (@) 3 (F =
Palaconubeculariid &&3. (b) A 22 #Fwo] Bo] A& §2= GTEL tjakst A7) A=

= e e dHE vEhdnh

3:
%
b

O &4k v AE (calci-microbe) @ & 3ol = A
2 ARG AA"E T Y E’SP_E J?ﬂrél%r)r. HEo] & A
slujstAY & Holx] gror 53] FARo]= (peloid)9t P]|AEto]E (micrite)9} €A e}
(L% 3-22).
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o Z% o A 5o A AZRF (Archaeolithophyllum?) 2} 7VA] 2o 5 w
= o FHow #HAEE HEZF (Nansenella?)7t &3o0]= Ao &4 ZA=ET. o
27te do 2ta vy 3-23).

Aol Az2F (Archaeolithophyllum?)7}

% 3-23. 279 dvd AR (a) B EAY
v agolEe}t FFF S Ao xS A 3oz IAS PAsa Ak (b) ==
ol= I A Wol| 5ZF (Nansenella?) 3. o2 71A Aoz wWol yriy #3S o|F =
Fo] 54 otk

(3) &xol=9 Ty 9 A 37

Lol FHA (surrounding facies)e F&2 AL Fu3ZH MPEFOE o]Folx 9doH
AE ggdol mlg @2 Aol EAFo|HaH 3-24). 42 AE IS ditdoezw =2
Ax Sy e stF A ~EY A (environmental-stress) 7t =S on st} o] ¢} F-ALS FH
HAEL 29 =2 Ao eatd SAFH QFE: (Inner carbonate ramp) o] Ajgtd A 53
7 (restricted lagoon) S22 A o] gt} (Hineke et al, 2001, Blomeier et al, 2009,
Ahlborn & Stemmerik., 2015). 3 2 Fol=9o] T AEQ FFF, H2FY BAE HAE
2 7] A &2 uir; Ao A At gx A AEolH o5 =2 AR
EYs shdAE AET G uiar d#A Qo] 7[E9 S 2FojEe A AEER

¢+ (grainstone) 7FA thFstAl WERUE  ofAIFE St (packstone)oll A= HlA-2F o=
T2 HEHY, AL = AR =T SAMSHA YERd T o= &Folx=e] A 2§

W = ok FHAe ¥ A ZZ (sedimentary texture)S €At (wackestone)ol Al ]
7F ol A 43S wUSS Yusttt (Fligel, 2004).
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0 Small Shelly Fossils (R 2 A3 SIR3)

Sponge spicule

m5=-z‘n4‘g \*\(4%

5 y

—? aHSE  Crinodstes

Foraminifera Mollusc o =7]
o_ﬂ*

mTo & i
Problematica

A
i_l-é'm

Scale bars are 0.5 mm

4, 71 AT 7Y 123 FEe a4l E
7}. Palaeoaplysina A &% 9] F-2<} LAY EY
(1) Palaecoaplysina®] @& 2 A% &+

BAloh Zrjsel HARe REyd

Palacoaplysinai= $7] A &7]olA 7] #HE7] &<t xd
AEZ A o] A YeA ”a“?—i *ﬂ%ioﬂfﬂ £3] Hu¥E Mot} ol 5L Y FEIFE
st Ao dE 2 EAstes FEA canal, ¥ W olgtaivolER FAE cellular #4 &

P

7HA AL o] SiHel = Eﬁ’é}ﬂ] Fof & mamelonJJr 2k i Ee] EA AbAE e A
o] 5 o]t}(Anderson and Beauchamp, 2014) (1% 3-29). Palaeoaplysina+ 3l ¥ -5 = (Krotov,
1888), hydrozoan(Breuninger, 1976; Davies, 1971; Davies and Nassichuk, 1973), 43| 2d =&
(Watkins and Wilson, 1989; Kiessling et al., 1999; Wahlman, 2002; Vachard and Kabanov,
200 %2 s EAont 1 =84 AT obH A B sk
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Pafa.‘,'oaplysfna smooth perforated

upper surface

mamelon-like

randomly-distributed _prokuseranc

small pores

thinning
edge

smooth
non-perforated

= cellular skeleton canal system lower surface

19 3-29. Palaeoaplysina®l Feje} WH-F+Z%. Palacoaplysina: #HAte] Slwol] =52 o
E23F mamelon 725 717 4312 AEZ YHdE EX = FEF canale] #3335

71 Abo]Abolo = cellular A 22 FA o 2t} Anderson and Beauchamp (2014)o A vk,

o=

(2) Palaeoaplysina®] growth habit 2 A&Ex FAdo dist e srs A3t
Palaeoaplysina® A2 W2o] tiafr= sjAHl thato] F2 202 AA odrte A
(Davies, and Nassichuk, 1973; Beauchamp et al., 1989a)3} 4% o 2 v &3t Alti= 3
A (Davies, 1971; Breuninger, 1976; Skaug et al., 1982) & ¢]Hdo] ®&alc}. o2 A7 w2
2 Z+7Z} Palaeoaplysina’l -2 &8l <) HkEG A ES 2o F

bafflerd =4 =& HHE D AE2X 74 AES f&EstL &~

’d3t+ binder ¥ frame-builder =% & ©|E¢ AEZX A 71o3t=
A B A FAsEY 2 Aolrt oerR EAE EH

9] growth habitel] tjst o]dl= F &35k}

(3) gA71A
thak7] A

FW %7 A9 WordiekammenZ Palaeoaplysina A &=
FH 9] Palaeoaplysinax % A ¥H7](Sakmarian—-Asselian) Wordiekammen3
Tyrrellfjelet & ©] 7\1 F o] AEXE FAS JrH(ad 3-30). AEZE F4 AguE™1
g FAY =AY nvlo] & A E Z(biostromes) 0. & AT el Alolo] HAwo] (1Y
3-30¢9F 31A). AEx WHd = o7& 349 Palacoaplysina 50| w23 (2d 3-31B-C).

o>“ J_4
L_,

Hn:

JES PR FHW RYOR AVHOE FeWd FPHOE Folgm, FHHoE AYP
Bsel 237 WAE fAAT FH4e2 10 om Uele) el xWas Eels

[e]
Palaeoaplysina 52 =4 == %_Z%-J Ao EAEY WsE st YrH(zdH 3-32).
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- 4m

SYBE)
E Light grary sandsione
Shulelal wacksa lone, crincds, layered
-
svoertz | Cavered =300
Light gray dolemudstane
Painecaplysan boundstone
SE H—————— ] _| Covernd <350
:—'-’__-:hif "—':—;ff Lime mudstone, mottied 7 or clasts
—— — — Chenyaysr
2m=—— svees | —~
f T e T |
—_——— -
5 e — = | e wnems
$867 | |- e m e o
e o - — TS| o
i i e . -1 = raase in palaecaptysina layers
SY881 1 s bt Gray wkeletal paciatons {crived, small igose com S— DR [ oo e i gl
. T—""=—=—= - Lawnallydiscontinosus
Nodules 8l the boundaey — Mase imegular geometry fhanthe lower one
SYBED [ # & . Light gray sheletal watiesione (beyorann, brach opad. trikh de?)
- Yellowish dolomite wehsiicdied fossl geain
SYBSS MCIS {Grinaid, bryozoan coral, platy shel fragmints)
e
PR aﬁi”.‘f Catonisi rgose coral, auropara colony
5YB5Y Outcrops on the lat ledge
Yellguish dolamite with wmallvugs, N J e
om
TTTTTT
mMWPGC B Base ol exposure in2014.
m kmes Bbalow. covered by svaw

19 3-30. Palaeoaplysina A==} 1
AR SIAE 7 R T

% 3-31. Palaeoaplysina A& %9 =% AR, A) 542 Palaecoaplysina H}o] S

AExEAE) W #HL w e  Palaeoaplysina’l SHI A=
Palaeoaplysina & (314F31) Afolo alo] B A Eo] LA Q).
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Palaeocaplysina
plate

i e S—

139 3-32. Palacoaplysina BE&x2] &3 ARz
2 9% 10 em W9lo] FA=E x="EstA FEehH

O Palaeoaplysina A&==x2 +%

Palaeoaplysinat 0.2-0.3 cmeolZ Hdl 05 mme 54 ynl= @A Hd 25 ecm7bA
Bt} Palaeoaplysina ¥ WlF-ol= % pm 2749 3] ojd HAEZ AAA U= FE I
Bl o] canale] il ym A F3tol= WelA wdAER YA dvh(rw 3-33). #He] slWel =
HFREAoz Folgehe 722U mamelon? B 2 FyEo] BEEH= whdo] o] oUW
< Hwd Hygstn A 5ol YehtA deriad 3-33). 2309 cm® WA 24 A

=2 Aex AAY 262%E AA st vk F 117709 s F 80.3% =

of Sl W3S Fete] FAJ AtuEAY WIS & F fle FE 17.1%2
2

6%% 53] wlnstrh(LH 3-34).
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s 5
a5

W

1% 3-33. Palaecoaplysina®] &AvV]7 A, $42] Palaeoaplysina WH-ol+= 23] ol FHH
B2 AYA JdE EAAAY canal (3 312 E), $lHd 5 4o} 9l mamelon( S 3Hat
®)ok Sido e FyEo] FEUh canal - Abolol= WelA mAEo] YA AT
Palaeoaplysina ¥+&°] A= &0 A7 (obd F&) gk o] (Sl Fit)o] Amol= et
s A

Plate orientation Area

® Pore side upward ~ ® Reversed = Oblique or uncertain m Palaeoaplysina plate  m other component

19 3-34. A EZ A Palaeoaplysina’t z}pA|sl= WA} $IWsEo 2 Fojgls AL H| S
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oyt RES FAAHOE AT o] W] FEo] FFAOE H= o] Wl tish
W2g) o] 4= MEUE FA FERE o]FAU 717 HEo] HAE EyMe] Nz "ol
ATHZH 3-33 7). Palacoaplysina #2] W= 3HH-E &ste] s 4] bryozoandt
e &Y FEol &o i, 99 ool ¥ Palacoaplysina ¥ Alolo= HRol==m
‘d% geopetal ¥4 =% #FEAT(LY 3-353% 36). B=% Wl Palacoaplysina ¥&°] 4717
Exste Fiole ARol=8 Aglold HA L, Palacoaplysina 2243 8%, =84 45/
9} Archaeolithoporella ZZf o2 24 JATh

- Palaeoaplysina - encruster

1% 3-35. Palaeoaplysina A &Ex2] 2. A) AEx2 vH A7, B) 19 3-7A9] =A A
o] wje] Palaeoaplysina ZFE°¢] F2AH o= Watyo] 4= AEWH T4 FX2E o]FAY
zkzkol ytEo] A E %o AR "WojA = EFol #EdET

19, 3-36. A-B) Palaeoaplysina & ofgimo] &0l bryozoan® &w7Z AFX I} A~A X,
C-D) Palaeoaplysina &5 Afolo] 512 U A=
o] Wb AR I A A,
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Palaeoaplysina ¥¢] tF-#(80.3%)c] o] & Wol = wjdso] i, o] Fer}
ki Am, FEdel HegstA #Ese] wdEHo e AL AERVE FAE DA
Palacoaplysina’} %7} A El= 9ty o] EXH Xt AASE B I 2 EEEHQ7] yio
2 Helt, #I3 I AloldlA B|EEHE= geopetal TR o] WHol| FFste At
bryozoane] #&E = o2 Hol FA QAo 3y} yo] Alolo] 9lE FE S Palaecoaplysina
A5 FakE HEEH A A FFoIUS AR A, o] W] FA 3o e

U+ bryozoan< cryptic encrusterd Aoz A E T} o] A& Palaeoaplysina’l 2 H3sle] A
ot U= AT A9 o] 9 AA(Gn sitw)FEHE HAE 5 g7 diZel yeEld = ¢l

= SAoE AT A7y dHH = B, €3 &F, 12 3L cryptic encruster®] =4
= Palaeoaplysina®l in situ growth$} encrusting hablta FAEE HHA =A@ 5 9
o, AExo YA Aol binder F  FHE0] Hylo] AEZFxe =HS FAS

frame-builder 93-S 3+ oz AZEHT

(4) Wordiekammen Palaeoaplysina®] A e} 84 2] 9]

Palacoaplysina®] growth habitel] @3t 7]& A= = A erect habitE FHFstE A9
encrusting habits F43tE A5 1 o] o7k 1S} Erect habito & 3f4 =
T2 D T AFAA dEE I F 20%7F AR = FHE s\ encrusting habit
o7 Fo] AgkSs AgoE UFEY o] 22 wgom wjdE o glojol ki, 2) F plate?]
Aot AEi7E vt= ofdf e =S wepzbA eFal Aol 3) encruster’t o] ah-of
2ol = A o® Hol whek PalaeoaplysinaZb s AWl §-2% o] encrusting & El = XP%k
= 7% encruster’t B& Hu=E FHE Aol at7] wiie] A=A R ErMsshal
Palaeoaplysina®} @ Ej 24 o2 F+A}SE Phylloid algae”} erect habitS 7FA| 12 Qo™ 5) ol& 0]
7] Aol F-2ElE holdfaste] &4 o] erﬂﬂx] &=t Aot (Watkins and Wilson, 1989).
Encrusting habit® 2 a4 stE F4L 1) B9t 2 Fef9 rhizomeo] #o] nle o] &
o] Q7] wtol] o5 F3l 3s|A encrusting s FEIZ A FAS Holgt= =3 (Nakasawa
et al, 2011), 2) thi-9] so] FHol Fat Fej= vehby o] sldel = A 71
o] Q= Wol x| Fe] AHEZ ks wjdE o] 9] Palaeoaplysina’l encrusting habits YEF
< Aoz F53= 9ol (Breuninger, 1976).

o] Aol Wordiekammen Palaeoaplysina A&Zo|4+= erect habit T3 HwshH
encruster’} e spo] F&Eo] 9l H3 Phylloid algaeste] FEld FAM, 1
holdfaste] HA 5o AU WordiekammenZ9] Palaeoaplysinat W w3k ko] Hato]
(26%) AR dax Yr7t 4538 Wom AFe #ol =0 wepitth= Hel A o= uh(cf.
Watkins and Wilson, 1989). A& *2] growth cavitydl ©]3d HAZZ APJd ¢ o=z
Palacoaplysina 2] W] H2=E encruster’} HAEE E#o] ¢ Zo] Palaeoaplysina
7} erect habite] 2= aj Ao W3 AR E EF 25 Phylloid algaeete] FEf?d FAA S
2 At g s AR ASRE st Aol F2l7F L, holdfast®] £+ 3}
A3t 2 Fohe BESY AlY Thsde] Jor®m ol g A S 7IREC.® Palaecoaplysina
7 A sty AAdE AoR Ak A U dE AoE dAdHoh

b o] Palaeoaplysina®l encrusting habito] gt A4S A A s F7e oiE
Palacoaplysina ¥+&°] Sg|Wol HastA wdEo] A FH|A &2 g AEE Ko

R
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AL fFAEIY ol&S do] d9A AEHE REHIITE
Breuninger, 1976). tt& 7Hd SA<l holdfaste} 22 7|3
U d71E g2 £4 28 59k BE FAY 7hsdel o A
= YHo dx FF9 =AE HoF+E= Wordiekammen Palaeoaplysina®l A7+ ZA¥=
Palacoaplysina’} 32| encrusting habite 7FA 32 A A3tA 0= AHAA SAHAE Aoz B

FE Aow Algdt. g#Hol 49l Palaeoaplysina #E°] 7 AFste] AW
Wordiekammen 2§ & oA Palaeoaplysina:= binder % frame-builder24] &% F24&
YAt 7l gds Aom Azd.

O

=)

L To| A= Bregggerhalveya?] ScheteligfjelletZ ol A
AbEE AR Aditse] aAETSA A S-S TAAHTAQ] 8y dAste] FAE R
=

b skt dA W& T2 o] ATelAM = FE Aer-wHE 7] 1, obAlol, HR A9 &
shato] A MAle AA A Aoz IR auloporid AHEFEC] TR A tFowE F
A AT (27 3-37). 20140l AAIE b7 A of el AL 7|3be] SR E v A4S 314 o]
F3E dAES AW A4S AR 2 uAo] qtstd Aol EI REF
o2 A% reworking S Wrol g dEjo] JfA7E WA @gomn o] HE igste] 109 N
:FLXﬂ‘u-F" o 7HZ1]/] %"—‘1‘3’% A AERS Fotetr] o Jdd dS5 vy

=3 ik i 5 - 20 mm=z

o A Eb7] Scheteligfiellet=ol A AF&E%E ASIAE. A7t
Aol #A A AA 27 —1°ﬂ 43l auloporid®9] A @A Eo] el #H=&
phaceloid &-& H& 3 H 9 HE| S 2t Multithecopora®l ™, =& 71+ 7] dH <

19 3-37. Broggerhalvgya#]

1
AR S 2t Aulopora® 73 F v},
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Scheteligfiellet =N A A A 712 B9 AHA2S = Multithecopora®t Aulopora®  auloporid
o &3t} (19 3.3-38). 53] Multithecoporar= 27\ % (M. syrinx, M. tchernychevi)©]

olgom (2 3.3-38), ©° 271 £ 1991 NowinskiZ} Spitsbergen® Hornsund<}t
Isfijordenol Al 71 A% v} Qi) o]&& F=2 Aut7]-#E7] Alo]lo USSR Donetsk Basind}
Spitsbergeno| Al L 4F&o] Bl H At (Nowinski,1991).

>

% 3-38. Multithecopora syrinx®] 3@H 2 Fobd ¥hH AR Nowinski (1991)7F X a1
3t Hornsund®}t Isfjordenl A9l M. syrinx (=)} A8 e Multithecopora’}t
Broggerhalveya®l ScheteligfjelletT A= A&EE ($5). 5 199 scale bare= 27|19}
Aol 25 1 mmz s L3t}

19894, 1991 Ludwigell ¢&l 3% Breggerhalveya ScheteligfijelletZ = 24 2 & 2 3}
7 Ao A multithecoporid A& o] &A1= 7| A E #vF ol T3+ Buggisch et al. (2001)9l 4]
o] A% E Multithecopora cf. syrinx= F743A3th. o] Fditsd #s A=ty 24 2 A
gl T4 dA7A o] FAXA] ke AE]o] ATk 2 m FA9 ©] multithecoporidZ} X

NV ES 71¥E Nordenskigldbreens ol 35 1E  Scheteligfiellet &Y (member)E <1
3= 83 7% (key bed)o2 4 gr) o] A= w3 multithecoporid &2
Multithecopora cf. syrinx@® 7]1A% Scheteligfiellet®=2 Multithecopora®l WA 23 A
545 A8ty Boh A8e A=24 549 2R/E SRR AgERon, volrt Hl=gk A
719 g2 aFolA 2bEH Multithecoporaste) ¥l ilE 53| Spitsbergene| Multithecopora

7

e A9H B4l dEAR FlE AR # 9 AoE nth

Ay

o [
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I3 3-39. Brgggerhalvpya®] ScheteligfjelletZ-oll A 7% M. tchernycheviol -3 4t
doks 10% Gako] I AZ JHx A 747bE phaceloid@ 1Y M. syrinxetE 98], M.
tchernycheviv= ¥t Mtjuith 474 A2 5o A o2 dAxo Q= 5HS Btk

AAN7NA AP Multithecopora AT-NA= F2 T 29 Multithecoporal TAE82 E
A3t A A Ao EAel 2Ae] gHA gl AEolth Schetehgfjenetzwi LA
T A 29 Multithecopora= 27} AA 3 2 =7 JE = 2ty glon, o] o|Hoz
g8l T SAA T80l Jhe A ey M. syrinxel HlE| M. tc]zernycbev]'Q] MA G =
#qAsHA How, o] F& WEE ey 9 shke] dAE PARES A R A5
phaceloid &3l M. syrinx¢t €52 AA7F AT A =4 Feo A7t ofd, A&
o A o] 7 Fo] zpolHo] EAG=A ARE AFetr] S AU X&) FolH, HF 4
Fofl= o5 wWrYste]  Scheteligfjellet®<|  Multithecopora®l HE1A=Es 7 A}

(systematic paleontology) = Hug o Holt

Auloporid¥¢] 4AtE &2 tiFFo] 714 S2 (basal-increase) W2l o= 7 S48 3
a1 A AT Mu]tzthecoporaiﬂ A9 s =1 22 (lateral increase) S &9 B 115
o™ (Hill, 1981) oW #AE& AA FEH=Ad taiAe s &1kl v gl 2 Ao
© A& 9 VRS ol &8t Multithecopora®l 37 H & ARt (7 3-39).

¢

X
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d

G Multithecopora®l FZepelE A7 $AL F & ©F Fw3 AL (2
3-40), 2+ wolA| 7} Ao Mo ZZHEo) (28 3-40). o] oA

A 9} Alole] wo] AIIHA WA AR SPHETE (17 3-40). o9 B WAL HEQ]
"Lv"ﬂr’*iﬂ lateral increase® wjot fFAbgE Ao & WolL M. syrinxe BA =
HA I SAlol A 2dolAl S st (19 3-40, 41), S BA] oA FAld 27)

ru]:f.
N
—_
ofje
Az
ol
ox o
ol
off
25
'

N
-
2,
—
i)

]
-

N

'_l [e)

o] oA 7} AP TIF EAA o R e Ef\]oﬂ DAREE EEEHE A9E #ZEJL =
gk ARkl ”"Jr*}ﬁ’—oﬂfﬂg} ], oA 7t Fie] AAstr] dA7hA= E’—iﬂg} e A el
A At Aom Btk o7 JiA S22 V1A 2] (basal increase) SE E &
auloporid& A} o] FA e YA

APl wA Aow FAHEH (Scrutton, 1990), &+

E A
B9 Hole M syrinx® AE 42455 2743] auloporid® EF/FE + A

iy M‘

phaceloid &2
<A Ed 7 9

ScheteligfielletZ ol A LAE T T2 F79 ABas 2 Auloporas, 71 71’248 Ho|
= 9zAa Fed oA BEFEHAUT. Multithecoporasts= @), Auloporay= 7]1%9]
Scheteligfiellets ATEA = 3 o, gA= FHAL dFe F8H (bedding
plane)el 33333}71] HEE7] wjZo F2%Q SHAM = x4 FErt &3] HolA| &8k
Ao FAHACY, T3 A A wHEW WS wli= Multithecopora$te Fol S 1A &}
71 FE7] wWite] Rt FEEAS R

rE rlr
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a9 3-41. d¥rdow  A4HZ Auloporad A% #HE] (F=, Scrutton, 1990)%}
Broggerhalveoya®] Scheteligfiellets oA A& Aulopora®l 47 e (). Aulopora®] =
dEfolE MAI7F E7]HE vl 2dEo 1 Fke] AJHME (cement) 7 A 9IZ Aol H <
=

BoAqto Al A3k ulol] 2|3}, ScheteligfjelletZ=ol Al 2t=9 Aulopora®l 735 710 H
1 Aulopora®t= @A A tE WA AFFEE i v AoE AFFHAGY. 7]EY
Aulopora A-TE A= calicee] HHAA A2 FEo]EVF EZ5 9 basal increase (19
3-40 i) WAoo =m FAd= WA ol F=2 Rayogitt (Hill, 1981; Scrutton, 1990).
Scheteligfjellet®] Aulopora®l 73-%-, &9 AZetolE JWA7F 44T wf, 7F* A 7] (branching)
WAS AQEst A v 2AA S]] BH RA A A 2E A7 wojvpd w) RAF Zo] W FiE
o] dgdo] FAH Qv HAoE HRAY (¥ 3-41). AL v A A WA A=

AsHAl 714 52 (basal increase) 0% 528} vk drolA)] 7}
Aol oA = FHE BEH AS & F Uvh ol 1

Aulopora A9l 89 /MAE Altolo] AWE (cement)

& EAZE obd Aulopora AA Y] 5] Ao R FAHETH

Multithecopora®) #4 ZA3}<}
A3 gk o] Fol = A
34l e &
7F YA A= A
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19 3-42. ScheteligfjelletZ 9] Aulopora’t E3HE A S 10% FAb m9S w F+&
H Atse] mEdolE 22tE i e VPR #7]1HE o] BAEHA ¥ A% YA
(&=, WA a9l e A5 st B s 7 &S 94 AR FEEH o5
zyzbol AfAZF EElHo] AN Ao HEH FH AT 59 ARRAHE el wAE o
T A Bt

o]¢} & EAL A fodo Am FAVE EE @agddS 598 uw 0L FugAg
(19 3-42). o5 ZEFolE A EL 247} 27t 7t A T gk d ol Al BEE FEo
AMe Y EHA &S A AAZE FAE olF FH IgE FAEHAGT o9k 2 A =
Aulopora= 710 Ha® Aol A3 glow 1) Scheteligfiellet=9 Aulopora’t HE3 EA

2}

S 2zt 1% (endemic species)¥ 7FsA 2 2) Scheteligfiellet® 2] $-7 ©] Aulopora®)
of YIS A= F 89lo] Hol A WAS WIAHS 7HsAd Fol AlE 5 ATk

E 7IXEo] ddo] BHE el dAAM ANIE T Acropora palmata® 7 o]Z2~ol A
A B4 =2 (fragmentation 21o] FA AA (asexual increase)?] 3 EF5F9F A
1= 98 g9ld w33t Auloporad) BEAFEEF (life-history strategy)

o StUELE & F A& Folth oo #afA = v B A= I FH7F Hagk AEo

SN—"
o °F
>

AE7-#0F7] A7 A AAACREE Y AEEe] HiuFEAY Al7]ola, 53] 4t

S AEAE Yy ARAREE B ot TR €A god (Fedorowski, 1981). 184
Broggerhalveya®] ScheteligfielletZ ol A= 271 &9 AaAAawt 549 oty 22 1uls
ol Spitsbergen®l A%, Honrsund®} Isfjorden®] 7-$- H|S=3F Al7]o] A tptst T/ At
At 7 BaEJdE (Nowinki, 1991) A3} thx% 0 &2 Scheteligfjelletz2] €2 ol 4= 71&
oot AA7EAS] EA ML AtE A o] tAo] "WolA= AEgS B o] +

o
oY |

Bl =

A= F7tE Bade FEES Frslo] A2 wHS AFsls FAd 7]E ArEe HA
g AL AP AR ol F Scheteligfjelletz oMM AEEHE AEFY FRE AGAstE 2
S $AHor gt T3 B Ul 3 Spitsbergen? UE A% 37} Breggerhalvaya# &
o Aol I5ks The S AAbeHH, & o] Ager s feiA e 7] 28 Al7]9 i
S Bl A7 WalE oo & Aow M
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12Apd o] ~hlE g E(Sysselmannen) 7t 15733 o) H] -8 (S&R, search and rescue) o=
Gt A= @7 (Super Puma)E Fakstol AR A digt dFxALE A ASEA T
TV = HF7| S (Y 33-43) 02 HAYL 169l &A= 1000 kmeol /ol &3t} 7]

IPd e 2dtE J9e] st A AAY dAS ez AT HuE dEste A
ATHH 3-44).

—r
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. 2. AA B o] A

ROIEE

A 3}

A E=ARAE T

2]

L=

2

a9 3-44. 1

(1) A8 3t

34 Ao

o
%’C

p 84

3 1)

F o, A4A

g

R

MIEEDEE

(2) Az B

’

A3k (1" 3-45)3

HER A8}y

Ak
=

it

o

%

O A~
T

o
5

gl

&l

°F 800 Ma)ell H]

(

Tor

- 133 -



H 3-45. ~dntE FERo] AAHgoly] 43¢k (A) 2ERVEZE. (B) &0]

[

Els
.?.
|
=
87 o]
oF
o)
3}
9;1]\

- 134 -



AS350 chartered from NPI

2% 3-47. 22 d el &-83F AS350

(1) Skansen A<

A e Yozt gk 7 AFE 98] ARSI TH Y 3-48). o] A9 ¥4 7Rk
&} WordiekammenZ©] 213 v Ao 2 A7 Hx H A #go] ARt deto=m o
A A ZE A7 A R g, AR o] H=A dojd Aol Ao Apolo mE
A G B AAE Be]7] Ad A Als AFHsA T Ed vz H] o] HlE mg- 2 ud

ro
S
S
o
(@)
@)
e
o
=
i
(]
SE,
14
N
(o,
o
(1)
B
_%
N
o
ro
>,
il
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7

(2) Skansbukta

Aoz, vk A A A=

7:5_]_.

=2
=

=13
=

;(E]_

¥ 7] Voringen Member7}

P2 3-49).

S

topod. coquing

=
@
o
£
0]
=
(=
[
o
=
5]
>

]

(A) & ZAAGo

Zl.

].

& ZFA

9]

1% 3-49. Skansbukta A
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(3) Campbellryggen A4

o] A9

%Lo] 33}

2 k7R 9] Tyrellfjellet Ul A WA &= palacoaplysina ¥ 24 A ¢} fusulinid 7}

St¥l Brucebyen BedZE #21sl7] 98] ZALstdtH( 2™ 3-50). i EHAAES] T2 A9}
TWEE Stoloj A tAkrIA] Fr ko] vjud g 7E B4AQl Frolth Brucebyen Bed® F-B| UhEF
9] fusulinid A15& A F 3] Brucebyen Bede] A|7HA 3 debs 9k 7|2 A5E R
Paleoaplysina A& %+ W23} 2483 rdst 285 wol wol mAF27 & REWA &
& e gddnh

Campbellryggen R Pélgedgplyé%ha buildup

19 3-50. Skansbukta Ao #AAALZK. (A) T8 FAA AU AAHS =5F. (B)

palaeoaplysina A= % E 4 ).

Baoly] A Fo] AbEE = Sirius  Passetoll i
Transitional Buen Formation®] tst 474 . I M @AIG Y st Ad=2 5. A
S RGxe wel v A L (finely laminated shale), 2] 4] ¥ (laminated shale), =@ Al
2 (thinly bedded shale), A &2 & A (bioturbated shale)® T3} o1, o]o] 3k
B AT (L™ 3-51).

=
T

B golr] AES ZFZAYW olygl Hve HERE 343 o] A&+ Sirius Passet 3t
A0S ok 11 molH, 7FF stRolE 50 cm T AIY] A Al EAd ApeF s A ESko] ¢
A3k}, 7 RS AL AT 7o) mudstonel®E o] Fojx] glow Ao gEo7 &}
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—

o ¥

F(carbonaceous film)¢] &

=

=
=]

2l7F = 2 Abol el A

=]
o] o2 TFAY F3H(mineralized) = A}, B4

eIl

< @AM FA oF 2-3 mm 7HA AHAA

Hlu
=)

3
B 84 o]

o

—

il

S|
ax

ol 3

5|

2, 9%

A% 3

—_
file)

o
=
B

o
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A 4 A ~nzw2d WE THeke] 273l EAAD

1. A &

WE XS A WEY XFsEy AW oy, WE UeolAY FEE&FHA,
az9d] A3Pu= WME W Z-E (metasomatism) ¥ 374 (enrichment) 52 A A WE A
stapdol gk 2 HAA HARE AT Tk

2z 2042 AtEg s A Sl fjA|stH A47] At Eel] o5 A xR =T o
Ze] A= v WENXFdo] xgEo] Qui(y 3-52). k=290 HF A g
fFefA ol | E A (Eurasian (Arctic) ocenaic basins) Alolel]l 9|8t e 2ERlEd T
o el dAel A=z ¢kAds] delr] AR = adds=e st 2o e ZEAlo)
59 dF-goy welrjw-uv o] Al7] ot fefAloldy} Holwgzlde] E 2 &g

o ol AAHWA @A) 9ol e AA FAkL Feld ArkBlythe & Kleinspehhn,
1968, 1) 36, e, ARy AA2NRAY AREAYE TALEAR A1
O T

WEEHgol nEFT gt ATIY 2719 BE

’

=
(Knipovich Ridge)¥} 747 3= (Gakkel Ridge)ell 7}@ Al S A8k o] o] A
3 ZEe WEgHoR B £ ole AvzHEd WEX I 4Md
AR= Yxv &gy Ad sdaE dFdo] s mEe] A
=

Mol T3 AHE AT

z719 29 =W 224 WEELE S tigh A AFEL o] LG5 o]aA<l MY
280l 1) ZEAZ, 2) AN AES FUAZIE WE-FA9 =4 1%, 18 3) 7=
A FAHE % AFEo] FE o] FogktH(Amunsen, 1987; Ionov et al., 1993, 1996, 20002a,
b). #*oll Choi et al. (2010)2 ¥ A7A 9 WMEEX o] st Lu-HfZ Re-Os 994 &
Ale B3l o] A A WEY FAPAVIE 7] dAY/ALT] AR AA SR T e A
AAsNE &HFdo YeEly= 7FZo](DUPAL Anomaly) 549 9 =4d=2 ZgkA|of t&5H
1 A dwEo] ¥ (delamination)® 31 tF3sh= WE oA EAt

9] 434 (break—up) ol 4
g 2

vhplE oAl H WES %‘EOI L(DUPAL Anomaly) 719 EAolgtar A A% Goldtein et

B odATE Avzwadys addse] B A

4 THEa AW HAWE P 2o)(n
7 QAW AR ATEEEA 543 ool ofe] Ad WARNAES AR @
e W ATHALEY Aoty Aol FUL FAT. olF Aol 2l d(Sventel)
UL WE ALREIE NREF HPUYRANEE LS DI G S A
B
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Abol o] e gA & B dim o] AREHA A7MA =
(Talwani and Eldhom, 1977; Johansen et al., 2005). ¥ &7] &0 @ Al A] 7]
A S, etEetes), e frepalol YAl Ateld] FElE S wel EebAlol thFo] &
& AL 2dutE Add Ao A4S £t (Tuchschmid and Spillmann,
1992). 27] oAl Al7]19] epret=s)] sfA g SHor AuntEo] X 23S b g
o WetA Holow addz=ef Autnp= Aol o] af A Sge YEu| A Es et A
Aol 2 A¥ oF 10Ma Aol H=afel HuiA ol AZ=HJAtHEldholm et al, 1994;
Blythe and Kleinspehn, 1998).

ol
-
xo
o

[
&
[N
=
il
B
i3
Ir
=
to
=
ofo
o2
il
&
2
)
=
o
g
)
2
W~
N
N
>
2,
)
i
1o,
oty
>,
m 0
offl
0,
f
k=l
i)
k=l
o,

o oA &9FE PR B gzl (subalkaline) 7HHA] Z2]olo] E(olivine tholeiite) 9}
Aol gz ANFgoer 7 W Al 47] AGAES ST UEd vpAbYolE
(nepheline basanite)/d| =&l s} £}o]o}o] E(nepheline hawaiite 2 A", A47] 4t
dAE FAL oA =7]HEH F&H=FEX (Eastern Arctic basin, Eurasian basin)®t 18] g
=] sfdA FFHRE wte AFEH AFE A sl EEF oR dEAd Ao
(Jackson et al., 1894; Amundsen et al, 1987). B3t N-S W ko] ~y=w 27 Wk
wpel et 47] 3AdAES o 29 ZElE(Yermak Plateau)9t Wes] AbEE a3 Ul
H 4-2), ol ol59 waRAgy FAXTIF AFEAoE BHEAe] V] HEer A
A THCrane et al., 1982; Amundsen et al., 1987).

X
M
il
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120° 150° 180° 150° 120°
P

£E Basement outcrop

v Fault

# Recent volcanoes

E
a9 4-1. S ST (a) 2EhtE P22 g9 (b) WEEILS
AHAS 47] &7 stee BExe F8 AAfx 4SS e
(modified from Amundsen et al (1987).

A47] sPitEEsS H5A%E Ayz=w274d9] 53 2 2= (Bockfjord) A9l BHolRral &3
H (Breibogen falut zone)S wel Westa glom Al 3pAkA (Sverrfjell, Halvdanpiggen and
Sigurdfjell) 7} A& % 11 2 tH(Amundsen et al., 1987; Ionov et al., 2002a, b). B.#o]H A =

= NNW-SSE W geln], a5t) 352 AZlt 57 A4 thelgst Aviero] 2xstm
5ol dir] "HA o] AEdEn Al stdAES A AAA R MY B shEAd
MEXHYS w=BAVE QT AGoR FeA ATk WY BERY o 15-20%7 HAE 5
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e ARAZony 4% TFor TANY A5 T 24 A4 WS G HEH &
Sz del WE W89 ¥ oy A AT Wi WA F4 A7 g AP A
dom pHFHE ot B AToAt s sictde] WETILS o ATE
A,

Norwegian-

/ Norwegian- Greenland Sea
an reenland Sea
Late Cretaceous Early Oligocene Present
~80 Ma 34 Ma 0 Ma
a7 4-2. 2~detEA g B4 g A 4x S EQ B d(modified from Blythe &
Kleinspehn (1988). &< A5 2 d=dlE yepdth
3. 2w 23] A (Sverrefjell) WEFE o] obA] -2 3}st%] £

W20 A= Hae2e ddo] &3 Al Y A47] st F MY =
3 o 4¥A dom, of 500m Eo], 3km A& £ A EFol o o
a7l A 27 SAEgAl Ak ool el s Ztejx Uzt Ao
100,000-250,0003 .2 R 35 31 QJth(Skjelkvale et al., 1989). thH-22] WE E &2
E(spinel lherzolite), =349l 3} =B A}o] E(spinel hartzburgite)® TAEF™H dH HEElo]E A

G5 FES TP gouk, A ARNA WENS mopEyL S A%z

A o
1 a .
Gdrdess st AR AFEE AosE Huyia 9t (Amunsen, 1987, Ionov et al,

1993, 1996, 20002a, b; Choi et al., 2010).
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a9 4-3. mdEvd sakghAl @ 24 A) AWlEv A SRlehA] e R

2y d sk Al A7, C),D) ZaH

2 ehol £

b

|

EARRY

5|

g2 zelo| E,

S

<

AlgE=

A2

U

)|

o
B
)

(Websterite)

ol

[0
ﬁo

%

,_lr%

4

Ak 19 4

gl

]

3EA

B

—_
fi%e)

H
]

i %3] A 224 (Wells, 1977; Brey and

9]

o

o

]

E A

]

o

=2z

&

)
=
py
o

%

]

ol
s

o

23!

g B3

1990)

Kohler,

3

Egl

) 2 % g}o]

R o F o},

H9E

840-950°C

=
=

I

el

il

ﬂnﬂo

oA
oF

oH
=
A
iy
jml

S|
ax

CER IR EACERIEE

1987)

o] Ao A (Amunsen et al.,

A A ALt A 2A

4L

9kb-11kb ¢l reell A 2=

1+ A3t
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Olivine Websterite

10 10
= inopyroxenite
10 10
Opx Cpx
a9 44 2ulEVd MEX Y 5.
3 4-1.
Table L. Sverrefiell pendotite sample list and mformation summary.
Sample Rock Modes (w1%0) Equillibrarion Temperatre (°C)
No Twpe ol opx epx sp Wells Ca-opx
SVSLO1 Sp. Lhz 537 279 133 Al
SVSLO2 Sp. Lhz 514 302 13.6 48
SVSLO03 Sp. Lhz 511 298 151 4
SVSLO4 Sp. Lhz 64 204 126 3
SVELO5 Sp. Lhz 60.2 248 118 3.2
SVSLO6 Sp. Lhz 63 21 131 2.9
SVSLO7 Sp. Lhz 60.5 118 94 23
SVSLO§ Sp. Lhz 62.2 214 111 33
SVSLO9 Sp. Lhz 63 k: 9.9 23
SVSLIO Sp. Lhz 639 253 9.1 1.7 840 895910
SVSLLI Sp. Lhz 63.6 248 94 23
SVSLI2 Sp. Lhz 475 306 16.6 53
SVSLI3 Sp. Lhz 432 327 174 6.7 850
SVSLi4 Sp. Lhz 54.1 n7 129 53
SVSLIS Sp. Lhz 50.3 20 236 6.1
SVSLI6 Sp. Lhz 60.4 264 LL.2 2 910 940
SVSLL7 Sp. Lhiz 384 26 116 4
SVSLIS Sp. Lhz 60.8 275 8 37
SVSL19 Sp. Lhz 49.5 334 122 49
SVSL20 Sp. Lhz 63.7 213 10.2 28 870 900
SVSL21 Sp. Lhz 764 9 132 14 805 950
SVSL22 Sp. Lhz 516 308 14 3.
SVSL23 Sp. Lhz 447 6 14.9 44
SVPY0I 0l Web 172 301 46 6.7
SVPY(2 Web | 38 549 7
SVPY03 Web L2 8.8 58.1 119
SVPY04 Web 1.3 414 487 9.5
SVSHOI Sp. Hartz 77.8 18.1 34 0.7 940 887
SVSHO2 Sp. Hartz 712 14.6 6.7 1.5
SVSHO3 Sp. Hartz L3 17 52 0.6
SVSHO4 Sp. Hantz 66.4 262 58 1.6
SVSHOS Sp. Hartz 8.5 13.1 52 32
SVSHO6 Sp. Hanz 69.9 251 43 0.7

Equilibration temperatures were estimated by two-pyroxene thermometer of Wells (1977). and Ca-Opx method of Brey & Kahler (1990).
Modal compositions were calculated from whole-rock and mineral compositions by least-squares method,
Abbreviations: Sp.Lhz = spinel Iherzolite; Sp.Hartz = spinel harzburgite; ol = olivine; opx = orthopyroxene: ¢px = clinopyroxeie; Sp = spinel,
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Table 2. Whole rock compositions of the Sverrefjell mantle peridotites.

Rock Type Sample S102 TiO2 AI203  FeO MnO MgO CaO Na20 P205 K20  Total
Lherzolite SVSLO9 4390 0.08 217 825 013 4222 208 029 0.02 005 101.23
Websterite SVPY(2 4999 071 758 643 013 2129 1128 140 011 025 10022
Lherzolite SVSLI2 4423 036 383 812 013 3714 3107 080 010 028 10034
Westerite SVPY03 4796 030 11.09 574 011 2212 1058 098 004 012 10016
Lherzolite SVPY03 4271 0.06 152 772 012 4520 144 023 00! 0.02 10012
Lherzolite SVSLIS 4313 025 425 777 013 3625 459 071 0.08 019 9906l
Lherzolite SVSLI6 4457 003 202 839 013 4104 224 033 001 003 10084
Lherzolite SVSHO3 4406 004 118 775 012 4458 109 021 000 002 10055
Lherzolite SVSL21 4272 0.11 154 789 012 4385 284 048 005 0.17 10084
Lherzolite SVSLO3 4474 0.5 345 817 013 3854 316 041 002 005 10067
Lherzolite SVSLO4 4330 008 219 809 013 4112 235 031 0.02 003 10056
Lherzolite SVPY0I 4731 027 653 644 013 2708 997 090 006 012 9976
Lherzolite SVSLO5 4403 0.12 28I 833 013 4088 249 045 002 006 101.07
Lherzolite SVSLO6 4374  0.11 262 778 012 4128 277 034 001 002 10031
Lherzolite SVSHOL - 43.04 004 075 862 012 4569 064 018 001 002 10057
Lherzolite SVSLO7T 4432 0.2] 1.97 830 014 4121 172 055 009 019 10039
Lherzolite SVSL22 4500 024 342 762 012 3912 302 070 009 022 10099
Lherzolite SVSHO6 4432 0.08 139 784 012 4452 098 034 004 009 10081
Lherzolite SVSL23 4524 045 354 826 013 37.14 287 096 017 040 100.52
Lherzolite SVSLIO 4443 012202 797 © 043 4234 193 042 005 0.1 10090
Websterite SVSL11 4418 017 228 784 012 42,19 2001 045 005 0.13  100.83
Lherzolite SVSLO8 4242 020 269 1093 016 3974 225 044 005 008 99.84
Lherzolite SVSLI3 4434 032 437 921 015 3584 401 075 0.07 014 10032
Lherzolite SVPY04 4868 028 774 553 003 2293 1190 100 007 011 99.10
Lherzolite SVSLI4 4352 030 307 969 015 3833 269 071 008 018 99.67
Lherzolite SVSLI7T 4378 0.3 260 888 014 3978 251 052 005 012 10006
Lherzolite SVSLIS 4364 032 217 960 015 4063 155 073 009 026 101.4]
Lherzolite SVSLI9 4452 042 333 849 014 3814 265 101 015 035 10076
Lherzolite SVSL20 4374  0.11 227 853 014 4187 249 042 002 002 10156
Harzburgite SVSLOI 4391 022 343 906 015 3866 305 0066  0.09 013 10048
Harzburgite ~ SVSLOZ 4430 024 315 887 015 3816 302 066 006 0.16 10056
Harzburgite ~ SVSHO4 4426 006 136 866 015 4268 121 037 004 007 10035
Harzburgite ~ SVSHOS 41,86 019 225 820 013 4497 128 036 007 014 10189
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2}, Sr-Nd-Pb 5994 =4

thE A2l ¥ 2 xebo] E(lherzolites), 321 #}o] E(hartzburgites), <) 2~¥]g}o] E (websterites)
ExZor A 7o that GANSA Sr-Nd-Pb 5994 A4 B4 2 A3E F4-40) Ao
19 4-93 4-100] =A%t}

3x4-4

Table 4. Sr-Nd-Pb 1sotopic compositions of clinopyroxenes from Svernrefjelle peridotites.

Rock type Sample  cpx type “Nd/*™Nd 26 87S1/86Sr-26  ppph 26 pp/ Py 26 %*pu/%pp 26

Web SVPY02 4 0513129 5 0703895 5 18.4108 15 155155 14 38.3684 43
Sp. Lhz SVSLI10 2 0.512828 4 0.703881 5 18.1834 14 15.5017 14 382154 42
Sp.Lhz SVSLI11 3 0.512979 6 0.703527 6 18.5073 19 15.5181 18 384676 56
Sp. Lhz SVSLI13 1 0.513321 11 0.702020 15 17.5957 141 15.3945 138 369931 52
Web SVPYO03 3 0.512809 7 0703293 5 18.3805 13 15.4889 12 38.2644 39
Sp.Lhz SVSL16 1 0.513421 11 0.702032 9 17.9471 43 154054 41 37.5878 85
Sp. Lhz SVSL20 1 0513230 14 0702415 5 18.1678 61 154616 358 37.7867 78
Sp.Harrz SVSHO3 3 0.512266 6 0.705316 8 16.9065 26 15.2728 26 36.7309 78
Sp.Lhz SVSL21 2 0.512853 & 0.704088 8 184465 16 15.5000 15 384238 46
Sp.Hartz SVSHO04 2 0512552 6 0704192 4 182872 20 15.4840 19 38.3210 060
Sp. Lhz SVSL22 4 0512853 11 0.704248 5 18.3248 16 15.4964 15 38.3326 48
Sp.Hartz SVSHO06 2 0.512906 9 0.703609 5 183697 20 15.4919 19 382755 59
Sp. Lhz SVSLO03 1 0513321 9 0702250 5 17.8257 361 15.3968 348 37.2995 060

Sp.Hartz SVSHO! 4 0.513043 15 0.702332 5 18.1625 63 154141 60 37.4988 65
Abbreviations: Sp.Lhz = spinel lherzolite; Sp.Hartz = spinel harzburgite; Web = webstrite.
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Report to the Storting on Svalbard:
Svalbard policy entering a new era

The overarching objectives of Svalbard policy Climate change
are: - challenges
e Consistent and firm enforcement of Norwe- ~ andopportu- eI
. : ities
gian sovereignty nit st
ate chi .meld.nr.22
¢ Correct adherence to the Svalbard Treaty chﬁir;t;zl;:mge caos-2009
’z;‘nd \t/yerlﬁcauon of compliance with the new challenges. Svalbard
rea Temperatures
Maintenal.lce of calm and sta[oility %ithe Aretic
Preservation of the area’s unique natural are expected
wilderness. to rise twice
¢ Maintenance of Norwegian communities in as fast as the
the archipelago global mean.
There is broad political agreement on these objectives, This may lead
which have remained firm for a long time. History has to sweeping
shown that administering the archipelago according to changes in the
these objectives has been a success. physical envi-
ronment and
A steady course for Svalbard policy have serious
The aim of the Report to the Storting is to set guidelines A0S CHIEHEES
for Svalbard policy for a number of years going forward. for species a_nd
They envision a continued stable and predictable exercise ~ €cosystemsin
of authority and beneficial social developments in the Svalbard.
archipelago. At the same time it is important to retain the . ~ .
necessary manoeuvring room in order to meet new chal- At the same time, climate change presents opportunities
lenges and employ the policy instruments most suitable at-—and expectations of increased activity in the north. A
any given time in administering the archipelago. warmer Arctic Ocean will mean that fisheries activities will

move northward.
A clear environmental profile ) . :
Preserving the area’s unique natural wilderness is one Less ice may also open up new routes for international
of the main objectives of Norway’s Svalbard policy, and shipping between east and west. For example, Longyearby-
protection of the natural environment is one of the key po- € May become increasingly impor tant as a base for rescue
licies. Svalbard’s uniqueness is something that the Govern- ~ and pollution clean-up operations in the polar oceans. Even

ment feels a great responsibility for protecting. now, satellite data obtained by the Svalbard Satellite Station
is used in operational monitoring of sea ice conditions, oil

Svalbard and the High North strategy spills and ship traffic, and there is reason to believe that

The High North is this Government’s most important Longyearbyen may become an even more important plat-

strategic priority. Svalbard is a key part of the High form for monitoring ship traffic in the polar basin.

North, and the Svalbard report is a crucial addition to the o .

Government’s High North Strategy. Continued effective Normalisation - increased need for regulation

and appropriate administration of Svalbard will help to The (xove.rnment empha51s.es that the legal ﬁ:amework for

strengthen and expand our presence in the High North. Svalbard is to be as much like that on the mainland as pos-

FAKTAARK

N
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sible. A number of circumstances, especially the fact that
Longyearbyen is developing in the direction of similar local
communities on the mainland, make this desirable. Even
s0, special circumstances mean a need for case-by-case
assessment of whether and in what way laws are to apply to
Svalbard. For example, welfare and entitlement legislation
will have to be assessed in light of the Svalbard Treaty’s
establishment of equal rights to access and residence in
the archipelago by citizens of parties to the treaty. And
Longyearbyen is not intended to be a “cradle-to-grave”
community or offer services on the same level as mainland
municipalities.

Svalbard and scientificresearch

Svalbard has become a key area for gathering data on what
happens when temperatures in the Arctic rise and how

this may impact the global climate. This underscores the
importance of making full use of the opportunities afforded
by Svalbard as a platform for Norwegian and international
climate and environmental research.

In Longyearbyen the establishment of the University Cen-
tre in (UNIS) has helped to boost educational offerings.
UNIS has also developed into an increasingly important
part of the local community in Longyearbyen. In addition
there are the activities of such institutions as Kings Bay AS
in Ny-Alesund and the Norwegian Polar Institute as well
as substantial investment in infrastructure. Going forward,
Longyearbyen and Ny-Alesund will also be the natural
points of departure for research and instruction based on
the unique advantages of the archipelago. It is crucial to
ensure that the infrastructure in Svalbard is used efficient-
ly and to enhance the collaboration between institutions.

Efforts connected with International Polar Year (IPY 2007-
2009} have strengthened Svalbard as a research platform.

Managing the legacy of IPY in the best possible manner is
a key challenge.

Coal mining and other industrial activity

One of the main objectives of Svalbard policy is to maintain
Norwegian communities in the archipelago. The existence
of a family community in Longyearbyen fulfils this objec-
tive.

The Government attaches importance to Longyearbyen
continuing to be a high-quality family community. Coal
mining continues to be the mainstay of this community. It

is the Government’s assessment that coal mining should
continue within the strict framework set by environmental
legislation and commercial profitability, in a manner that
supports Store Norske’s objective contribute to a robust
community in Longyearbyen. Existing infrastructure for
coal mining activities should be used as much as possible.

At the same time, coal mining is not a sustainable activity.
It is also vulnerable to fluctuations in the price of coal. Un-
foreseen events may have a serious impact on operations.
In view of this, the Government believes that an effort
should be made to develop other activities, such as know-
ledge, research and teaching as well as tourism and other
varied activities.

Tourism

Today, the tourism industry is an important basis for sett-
lement and activity in Longyearbyen, and a targeted effort
on more year-round offerings may boost the importance
of this business. Tourism also helps to spread knowledge
of the vulnerable environment and environmental challen-
ges in the Arctic. The Government also wants to facilitate
development of tourism as a basic industry in Svalbard,
within a strict environmental safety framework.

Protecting the wilderness

Preserving Svalbard’s unique natural wilderness is one

of the main objectives of Norway’s Svalbard policy. Total
traffic in Svalbard has risen in step with the increase in
activities in the past decade. Growth has been fastest in
ship traffic, tourism and research. To limit the strain on
Svalbard’s geological, botanical and cultural monuments,
traffic needs to be controlled in a manner in conformance
with the value and vulnerability of — and reasons for pre-
serving — the various areas. This pertains especially within
the nature reserves in eastern Svalbard, which will assume
increasing importance as reference areas for climate rese-
arch going forward.

The further effort to improve marine safety will be an
important task for the Government. The formulation of
management plans and amendments to the environmental
protection regulations will be key instruments for control-
ling traffic and limiting the overall strain on the environ-
ment in keeping with the objectives of the regulations. In
order to implement effective measures it is vital to continue
the effort to increase our knowledge of how traffic impacts
the environment in Svalbard.
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English translation:
Report to the Parliament No. 32

A new impetus for Ny-Alesund
news | Date: 11/05/2016

In the new white paper on Svalbard, the Government proposes to change the framework for
research activities in Ny-Alesund. The Climate and Environment Ministry will take over
responsibility for the operation and daily coordination in Ny-Alesund.

Since 1964 Ny-Alesund is built up as a center of international Arctic research and
environmental monitoring. Norwegian Polar Institute are among the many institutions that
have research stations on site.

Unique nature and location, long polar traditions and good aceessibility make Ny-Alesund
attractive for climate and environmental research.

- Ny-Alesund will continue to be a platform for international scientific cooperation in the
world. Norway has had a clear host role with professional expertise and leadership. This will
continue, says Climate and Environment Minister Vidar Helgesen.

Extensive research in Ny-Alesund

In the old mining town of Ny-Alesund a research community has developed with a number of
Norwegian and foreign institutions. The reason that now changes are made, is that the
Government wants to strengthen the Norwegian hosts and the research coordinating activities.

- Norwegian Polar Institute is the state's main body to safeguard Norwegian interests in the
polar regions. They are a central research organization with great legitimacy internationally.
The institute has the best qualifications to fill their role in Ny-Alesund in a good way, says
Vidar Helgesen.

New research strategy for Ny-Alesund

Responsibility for the operation in Ny-Alesund should be seen in connection with the follow-
up of aresearch strategy for Ny-Alesund, which the Research Council shall be responsible
for.

- The Norwegian Research Council should provide the framework for the overarching
research priorities. Ny-Alesund provides unique research opportunities. Therefore, quality,
collaboration and open sharing of results is important in this work, says Minister Torbjern
Roe Isaksen.

Ownership is transferred
Norwegian Polar Institute is a directorate under the Climate and Environment Ministry, and is
present in Ny-Alesund.

- Since the institute will coordinate the operational follow-up of the research strategy, it is
natural that the responsibility for managing the State's ownership of Kings Bay AS is
transferred from Industry and Fisheries Ministry to Climate and Environment Ministry, says
Helgesen.
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This will help to gather and clarify responsibility for following up the overall objectives and
strategies of Ny-Alesund. The transfer takes place on 1 January 2017.

- Kings Bay has in many decades done a fantastic job developing the research community in
Ny-Alesund. It is sad because the company represents a proud industrial tradition, but at the
same time it 1s right now as the company's mission is to facilitate research, that the ownership
of Kings Bay is now transferred from my ministry to the Climate and Environment Ministry.
This way the responsibility for following up the overall objectives will be brought together in
one place, says economics minister Monica Meland.

related

White Paper on the future policy for Svalbard (Ministry of Justice)
The white paper on Svalbard (Meld. St. 32, 2015-2016)

Source:
https://www.regjeringen.no/no/aktuelt/ny-giv-for-ny-alesund/id2 500406/
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High microbial activity on glaciers: importance to the

global carbon cycle

ALEXANDRE M. ANESIO* ANDREW J. HODSONt, ANDREAS FRITZ}, ROLAND

PSENNER} and BIRGIT SATTLERY

*Bristol Glaciology Centre, School of Geographical Sciences, University of Bristol, Bristol, BS8 155, UK, tDepartment of Geography,
University of Sheffield, Sheffield S10 2TN, UK, {Institute of Ecology, University of Innsbruck, Technikerstrasse 25, 6020 Innsbruck,

Austria

Abstract

Cryoconite holes, which can cover 0.1-10% of the surface area of glaciers, are small,
water-filled depressions (typically <1m in diameter and usually <0.5m deep) that form
on the surface of glaciers when solar-heated inorganic and organic debris melts into
the ice. Recent studies show that cryoconites are colonized by a diverse range of
microorganisms, including viruses, bacteria and algae. Whether microbial communities
on the surface of glaciers are actively influencing biogeochemical cycles or are just
present in a dormant state has been a matter of debate for long time. Here, we report
primary production and community respiration of cryoconite holes upon glaciers in
Svalbard, Greenland and the European Alps. Microbial activity in cryoconite holes is
high despite maximum temperatures seldom exceeding 0.1 °C. In situ primary production
and respiration in cryoconites during the summer is often comparable with that found in
soils in warmer and nutrient richer regions. Considering only glacier areas outside
Antarctica and a conservative average caryoconite distribution on glacial surfaces, we
found that on a global basis cryoconite holes have the potential te fix as much as 64 Gg of
carbon per year (i.e. 98 Gg of photosynthesis minus 34 Gg of community respiration).
Most lakes and rivers are generally considered as heterotrophic systems, but our results
suggest that glaciers, which contain 75% of the freshwater of the planet, are largely
autotrophic systems.

Keywords: carbon cycle, CO, sequestration, cryoconites, DOC, glaciers, net metabolism, photosynth-

esis, respiration
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Introduction

Cryoconite holes are water-filled depressions (typically
<1lm in diameter and usually <0.5m deep) that form
on the surface of glaciers when solar-heated inorganic
and organic debris melts into the ice (Fig. 1). There
is increasing evidence from clone libraries and micro-
scopy studies that a highly diverse microbial commu-
nity can be found on the surface of glaciers in features
called cryoconite (‘ice dust’) holes, including viruses,
bacteria and algae (Mueller ef al., 2001; Christner et al.,
2003; Porazinska et al.,, 2004; Kastovska et al., 2005;
Anesio et al,, 2007), and also — depending on the geo-
graphic region — other organisms, such as tardigrades,
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rotifers, nematodes, protozoa, copepods and insect
larvae (Kohshima, 1984; De Smet & van Rompu, 1994;
Kikuchi, 1994; Grongaard et al., 1999). More recent
investigations have suggested that glaciers, ice sheets
and ice shelves are neither sterile nor abiotic reposi-
tories of dormant cells. In fact, they support a large
number of active microbial communities which seques-
ter nutrients from the atmosphere (Tranter et al., 2004;
Vincent et al., 2004 Hodson et al., 2005). Cryoconite
holes are particularly considered ‘hot spots’ for biogeo-
chemical cycling upon the surface of glaciers through-
out the Earth's cryosphere (Sawstrom et al., 2002;
Tranter et al., 2004; Hodson et al., 2005). For instance,
it has been shown that microbial sequestration of NH;
is a major component of the annual nitrogen fluxes of
the glacier surface, accounting for up to 50% of the
atmospheric NH;~ deposited in the winter snowpack
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